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Clinically occult metastases in patients with cutaneous melanoma. Detection with 
sentinel lymph node biopsy and whole body positron emission tomography. 
 
From the Department of Surgery, University of Turku, Turku, Finland. 
Annales Universitatis Turkuensis, Medica-Odontologica Series D, Turku, Finland, 
2008. 
 
Objective: The aim of this study was to investigate the use of sentinel lymph node bi-
opsy (SLNB) and whole body positron emission tomography (PET), with emphasis on 
surgical treatment and prognosis, in the detection of clinically occult metastases in pa-
tients with clinically localized cutaneous melanoma. 
Patients and methods: The study population consisted of 1255 patients with clinical 
stage I–II cutaneous melanoma, operated at Turku University Hospital between 1983 
and 2007. 334 patients underwent SLNB and they were compared to 921 retrospective 
patients. A subgroup of 30 symptom-free patients with high risk melanoma underwent 
prospectively whole body PET 6–24 months postoperatively. 
Results: Overall, the disease-specific survival rate was 84.4 % at five years. Sex, 
Breslow thickness, age and nodal status were independent prognostic factors for sur-
vival. SLNB revealed occult nodal metastases in 17 % of the patients. There was no 
significant difference in disease-specific overall survival between SLNB patients and 
controls, but the nodal disease-free time was significantly longer suggesting better lo-
cal control after SLNB and subsequent completion lymph node dissection. The follow-
up time was different between the study cohorts and initial surgery was performed dur-
ing different time periods. SLNB detected micrometastases in seven of 155 patients 
(4.5 %) with thin T1 primary melanoma and in four of 25 patients (16 %) with head 
and neck melanoma. In six of 30 asymptomatic patients with high risk melanoma 
(20 %), whole body PET detected occult distant metastases. 
Conclusion: Both SLNB and whole body PET were reliable methods to detect clini-
cally occult metastases in patients with cutaneous melanoma. This upstaging altered 
the treatment in each case. 
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Vartijasolmukebiopsia ja koko kehon positroniemissiotomografia ihomelanooman 
kliinisesti piilevien etäpesäkkeiden diagnostiikassa 
 
Kirurgia, Turun yliopisto, Turku. 
Annales Universitatis Turkuensis, Medica-Odontologica Series D, Turku, 2008. 
 
Tavoite: Tutkimuksen tarkoituksena oli selvittää vartijasolmukebiopsian ja koko ke-
hon positroniemissiotomografian (PET) käyttöä piilevien melanooman etäpesäkkeiden 
diagnosoinnissa. 
Potilaat ja menetelmät: Aineistona oli 1255 TYKS:ssa vuosina 1983–2007 leikattua 
potilasta, joilla oli diagnosoinnin aikaan kliinisesti paikallinen invasiivinen ihomela-
nooma. 334 potilaalle tehtiin prospektiivisesti vartijasolmukebiopsia, ja heidän hoiton-
sa tuloksia verrattiin 921 retrospektiivisen kontrollipotilaan hoidon tuloksiin. Lisäksi 
30 oireettomalle korkean uusiutumisriskin melanoomapotilaalle tehtiin prospektiivises-
ti koko kehon PET-tutkimus 6–24 kuukautta leikkauksen jälkeen. 
Tulokset: Tutkimuspotilaiden melanoomaspesifinen viiden vuoden elossaolo-osuus oli 
84.4 %. Sukupuoli, Breslow´n aste, ikä ja imusolmukkeiden tila olivat itsenäisiä ennus-
tetekijöitä. Prospektiivisen vartijaimusolmukeryhmän potilaista 17 %:lla todettiin kas-
vaimen lähialueen imusolmukkeissa piilevä mikrometastaasi. Kontrolliryhmään verrat-
tuna vartijasolmukebiopsia ja täydentävä imusolmukkeiden evakuaatio vähensivät me-
lanooman uusiutumista paikallisiin imusolmukkeisiin, mutta eivät vaikuttaneet koko-
naiskuolleisuuteen merkitsevästi. Tutkimusryhmien seuranta-ajat olivat eripituiset, ja 
melanoomaleikkaukset oli tehty eri ajanjaksoina. Vartijasolmukebiopsian perusteella 
todettiin piilevä imusolmukkeen mikrometastaasi seitsemällä potilaalla 155:sta (4.5 %), 
joilla oli pinnallinen T1-luokan melanooma sekä neljällä potilaalla 25:sta (16 %), joi-
den melanooma sijaitsi pään ja kaulan alueella. Kuudella oireettomalla korkean riskin 
melanoomapotilaalla 30:sta (20 %) koko kehon PET-tutkimus havaitsi kliinisesti piile-
viä etäpesäkkeitä. 
Päätelmät: Sekä vartijasolmukebiopsia että koko kehon PET-tutkimus olivat luo-
tettavia menetelmiä kliinisesti piilevien melanooman etäpesäkkeiden diagnosoinnissa. 
Piilevän etäpesäkkeen löytyminen vaikutti potilaan hoitoon kaikissa tapauksissa. 
 
Avainsanat: Melanooma – Vartijasolmuke – Positroniemissiotomografia – PET
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Melanoma, “black cancer”, is a serious form of skin cancer that originates in the pig-
ment-producing melanocytes. In Finland, cutaneous melanoma is the ninth most com-
mon cancer in men and eleventh most common cancer in women (Finnish Cancer Reg-
istry). It is alarming that incidence rates are increasing rapidly. In contrast to other 
types of skin cancers that usually develop mostly on sun-exposed areas of the body, 
melanomas can develop anywhere on the skin surface, as well as on the mucous mem-
branes lining the mouth, nose, gastrointestinal tract and genital areas, or in the eye. 
Melanoma can metastasize to distant parts of the body much more frequently than is 
typical for other common types of skin cancers. Melanoma is overwhelmingly respon-
sible of most skin cancer deaths (Lens and Dawes, 2004). 
Fortunately, when melanoma is detected at an early stage, excision of the primary tu-
mour is frequently effective in limiting the spread of the disease. However, a propor-
tion of patients with clinically localized cutaneous melanoma carry a risk for develop-
ing recurrence and distant metastases after a latent symptom-free period. Whenever 
occult disease has initially not been detected, the metastases at some stage will grow 
and become clinically manifest. Nodal metastases are not lethal, but they can be a 
source of secondary tumours that can affect vital functions and cause death. The dis-
cussion, which has been pursued since the last century, concerns the necessity and tim-
ing of lymphadenectomy. The utility of elective lymph node dissection (ELND), in-
deed, has been one of the most debated controversies in surgical oncology; prospective 
randomised trials have not been able to demonstrate the overall survival benefit of 
ELND (Veronesi et al., 1982; Sim et al., 1986; Cascinelli et al., 1998; Balch et al., 
1996).  
The sentinel node concept provides a potential solution to this long-standing debate 
over ELND. Sentinel lymph node biopsy (SLNB) is a minimally invasive technique to 
detect occult lymph node metastases at a very early stage of development (Morton et 
al., 1992). A sentinel node is defined as any lymph node that receives lymph drainage 
directly from a tumour site. Thus, the sentinel node is the first potential lymph node to 
contain cancer cells. This concept is based on the historic theory of tumour cell dis-
semination within the lymphatic system and on the theoretical barrier function of the 
lymph nodes in the metastatic cascade. Overall, SLNB is able to detect clinically occult 
micrometastases in approximately 20 % of patients with clinically localized melanoma, 
and the sentinel node is the only lymph node invaded by tumour cells in most cases 
(Thompson and Uren, 2005). Whereas SLNB has rapidly become a widely accepted 
routine procedure in patients with breast cancer, in patients with clinically early-stage 
melanoma, however, the routine use of SLNB has been criticized, because, currently, 
no definitive or high-level evidence exists that SLNB, with subsequent completion 
lymph node dissection (CLND), could improve overall survival in patients with mela-





The precise indications of SLNB are not fully validated. Particularly thin melanomas 
and melanomas in the head and neck are challenging the sentinel node concept in terms 
of sensitivity, cost-benefit or risk for technical failures (Thompson and Shaw, 2006; 
Tanis et al., 2008). 
After the initial surgery, although the patient is clinically disease-free, there still re-
mains a risk for recurrent disease due to clinically occult metastases. The aim of the 
follow-up examinations is to detect such treatment failure at an early stage, because 
there may be a potential chance for curative surgery. However, there is only low-grade 
evidence guiding the follow-up protocols (Francken et al., 2005). To date, almost all 
recommendations are based more on common-sense or historical practice than on evi-
dence-based guidance. Among imaging modalities, whole body positron emission to-
mography (PET) is a potential tool to detect clinically occult metastases in melanoma 
(Tyler et al., 2000). PET is a metabolic imaging method based on abnormal glucose 
uptake in cancer cells. However, there is no universally accepted consensus of the op-
timal indications and timing of the use of PET in the follow-up of high risk melanoma 
(Wagner,2006).
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2 REVIEW OF THE LITERATURE 
2.1 Brief history of cutaneous melanoma 
 
The first description of a patient with a melanoma was reported by an English surgeon 
John Hunter (1728-1793) in 1787. He described a case of a 35-year-old gentleman with 
recurrent nodal metastasis behind the angle of the lower jaw. The original resections 
specimen is preserved in the Hunterian Museum of the Royal College of Surgeons of 
England. René Laënnec (1781-1826), a French physician, was the first author who in-
troduced cancer noire, the black cancer, as a disease entity. He was the first who used 
the term la mélanose (melanosis), which is derived from the Greek word meaning 
black. 
 
The first case of melanoma in the English literature was reported in 1820 by William 
Norris (1792-1877), a general practioner in Stourbridge, England. He described a case 
with a primary lesion on the abdominal skin originating from a pre-existing mole. Later 
on, the patient died as a result of metastatic disease. Norris performed the autopsy him-
self and found metastases throughout the inner organs; the lumbar glands were also “in 
a shockingly morbid condition”. Norris was the first author who advocated wide local 
excision of the tumour and surrounding “healthy parts” reporting an 8-year survival 
with this treatment. 
 
Robert Carswell was the first to use the term melanoma as a synonym for melanosis in 
1834. There were also other original descriptions of melanoma on the nineteenth cen-
tury published by such pioneers as Jean Cruveilier, David Williams, Isaac Parrish, 
Samuel Cooper, James Paget, Oliver Pemberton and Jonathan Hutchinson. In 1840, 
Samuel Cooper reported that “no remedy is known for melanosis. The only chance for 
benefit depends upon the early removal of the disease by operation”. In 2008, 168 
years later, this understanding is still valid. 
 
The discussion, whether lymph node dissection should be performed in melanoma, was 
first initiated over a century ago. Herbert Snow, a London surgeon with a particular 
interest in melanoma, stated in the journal Lancet in 1892 that “We further see the 
paramount importance of securing, whenever possible, the perfect eradication of those 
lymph glands which will necessarily be first infected.” This fundamental recommenda-
tion for routine elective lymph node dissection (ELND) was based on the concept that 
melanoma progresses sequentially from the primary site to the regional lymph nodes 
and then to more distant sites; logically, early removal of these nodes would interrupt 
the metastatic cascade. Later, in 1907, William Handley also recommended wide local 
excision, regional lymph node dissection, and amputation in selected cases. This surgi-
cal approach remained as standard of care until extensive excision margins and the 
therapeutic benefit of ELND began to be questioned. 
 




In summary, the early literature confirmed that localized melanoma can be cured by 
surgery, but occult metastases are associated with poor prognosis. This understanding 
highlights the importance of further investigations with intention to find more accurate 
staging methods and effective treatment modalities. 
 
(McLeod et al., 2003; Neuhaus et al., 2004) 
2.2  Epidemiology and global trends 
 
For several decades, age-adjusted incidence rates for cutaneous melanoma have been 
increasing steadily among most fair skinned populations. The annual increase in the 
incidence rate varies between populations depending on the skin type and latitude, but 
it has been 3–7 % in recent decades (Marks, 2000). The increasing incidence rates 
within the Scandinavian countries are presumably associated with the lighter skin type 
combined with changes in lifestyle and affluence, enabling the people to travel to 
sunny Mediterranean or subtropical regions where they may expose themselves inten-
sively and intermittently to amounts of sun that their skin is not used to (de Vries and 
Coebergh, 2004). 
 
Although an increase of melanoma incidence is still occurring, there is evidence that 
the overall increases have recently begun to level off (Lens and Dawes, 2004). Coory 
et al. (2006) analyzed the trends in Queensland, Australia, between 1982 and 2002 on 
33 393 melanoma patients and found that the largest increase in incidence rates re-
mained among older men, but the rates became more stable among younger birth co-
horts. Also in Northern Europe, where the incidence rates came very high during the 
1980s, a similar levelling off has also been observed, starting in the younger groups (de 
Vries et al., 2003). This birth cohort effect has been suggested to be due to improved 
awareness and sun exposure behaviour among these age groups. During the last dec-
ades in Sweden, the increase of the melanoma incidence has been associated mainly 
with thin tumours and melanoma in situ (Månsson-Brahme et al., 2002). 
 
Finland has followed these global trends. A time trend analysis of melanoma incidence 
was carried out on the whole population of Finland with 16 414 cases from 1953 
through 2003 based on the database of the Finnish Cancer Registry (Stang et al., 2006). 
The investigators found a steady increase of melanoma incidence since 1953. The es-
timated annual percentage increase was about 5 % among both men and women, until 
the mid 1980s. Thereafter, the incidence increase levelled off. Among men, the authors 
identified a watershed in 1987 and among women, five years earlier. After these time 
points the annual percentage increase of the incidence was 1.2 % from 1987 through 
2003 in men and 1.4 from 1982 through 2003 in female. In future, however, the crude 
incidence rate remains high because of the elderly population in society. According to 
the latest statistics, the age-standardized incidence of melanoma was 11.7 per 100 000 
(491 new cases) among males and 9.4 (435 new cases) among females in Finland in 
2006 (Finnish Cancer Registry). The corresponding mortality rates were 2.6 in males 




and 1.2 in females. Skin melanoma was the ninth most common cancer in men and 
eleventh most common cancer in women in 2006. The survival of melanoma patients 
has continuously improved in Finland (Ilmonen et al., 2002). 
2.3 Pathogenesis and risk factors 
2.3.1 Environmental factors 
 
Sunlight is the major principal environmental risk factor for melanoma. Solar ultravio-
let radiation promotes malignant change in the skin by having direct mutagenic effects 
on DNA. Ultraviolet B radiation is overwhelmingly responsible for sunburn and the 
formation of the principal DNA lesions, the incorrect repair of which leads to the selec-
tion for genetic mutations that allow the aspects of the malignant phenotype, including 
stimulation of blood vessel growth, evasion of the immune response, tumour invasion 
and metastatic spreading (Satyamoorthy and Herlyn, 2002; Thompson et al., 2005). 
The pathogenesis is associated with the intermittent exposure hypothesis: unlike the 
non-melanosytic skin cancers which are associated with total cumulative exposure to 
UV radiation over a lifetime, melanomas are associated with intense intermittent expo-
sure and repetitive sunburns (Elwood, 1992). There has also been evidence for the 
speculation that exposure to high levels of sunlight in childhood is a strong determinant 
of melanoma risk (Whiteman et al. 2001). Indeed, the peak melanocytic activity occurs 
in early life and for this reason there is an important correlation between intermittent 
intense sun exposure and the development of melanocytic nevi and freckles in exposed 
areas (Green et al., 1985). Freckles are thought to represent clones of mutated melano-
cytes and their precence is associated with an increased risk of melanoma (Gilchrest et 
al., 1999).  
2.3.2 Host factors 
 
Nevi and phenotype. The historically classic risk factors for cutaneous melanoma, 
including fair or red hair, blue eyes and fair type I skin, are surrogates for the tendency 
to develop nevi, freckles, and sunburn. 20 % to 30 % of skin melanomas derive from 
benign nevus melanocytes, whereas 70 % arise from epidermal melanocytes de novo 
(Kanzler and Mraz-Gernhard, 2001). The number of nevi correlates with the risk of 
melanoma (Green et al., 1985; Grob et al.,1990). Hereditary susceptibility is an impor-
tant determinant of nevus phenotype and one particular melanocytic lesion, the dys-
plastic nevus, is a potential determinant of melanoma risk (Greene 1999). Familial 
dysplastic nevus syndrome is characterized by the familial occurrence of cutaneous 
melanoma in combination with multiple atypical precursor nevi (Greene et al., 1987). 
In addition, individuals with rare congenital melanocytic giant nevi are also at high risk 
of developing melanoma and in such a situation, exceptionally, the melanomas may 
develop in childhood. The lifetime risk of malignant transformation in patients with 
large congenital nevi has been estimated to be between 5 % and 20 % (Kanzler and 
Mraz-Gernhard, 2001). This increased risk has been shown for those patients with 




large nevi of 20 cm or greater, whereas medium size congenital nevi have not shown 
the same risk (Sahin et al., 1998).  
 
Genetic factors. The risk for an individual developing a melanoma is greatly increased 
if there is a family history of the disease. Among high-incidence populations, about  
5 % to 12 % of cutaneous melanomas develop in individuals with at least one affected 
first-degree relative (Gerstenblith et al., 2007). However, most melanomas arise as a 
result of a combination of environmental and sporadic factors that cause mutations and 
are not part of a hereditary syndrome. In general, melanoma is genetically very hetero-
geneous (Hayward, 2003). Sporadic mutations are associated with the pathogenesis of 
melanoma in about 90 % and about 10 % of cases represent familiar clusters, of which 
about 60 % are due to unknown gene mutations (Hansen et al., 2004). Less than 2 % of 
all melanomas are due to the presence of identifiable, heritable mutations in highly 
penetrant genes (Thompson et al., 2005). The genes known to function this way are 
CDKN2A, located on chromosome 9p21 (Cannon-Albright et al., 1992; Hussussian et 
al., 1994; Kamb et al., 1994) and rarely CDK4, located on chromosome 12q14 (Wölfel 
et al., 1995; Zuo et al., 1996). In clinical practice, the risks and benefits of genetic test-
ing for CDKN2A mutations have not been completely delineated at this time and there-
fore, predictive genetic testing outside of research settings is not currently recom-
mended by most research groups (Gerstenblith, 2007). 
2.4 Prevention and screening 
2.4.1 Primary prevention 
 
Public education and physical protection from exposure to sunlight are the most impor-
tant elements of melanoma risk reduction. Australia, with the world´s highest rates of 
skin cancer, has been at the forefront of these preventive activities. The primary pre-
vention programs have been largely based on state government and non-governmental 
organizations such as Cancer Councils. The Australian public health program entitled 
Slip!Slop!Slap! advised people to “slip on a shirt, slop on sunscreen, and slap on a hat” 
when they go out into the sun in order to prevent skin cancer. The Victoria Anti-Cancer 
Council has been running Australia´s most recognisable sun protection programs for 
nearly 30 years directed especially at children (Montague et al., 2001). This kind of 
program emphasizes the importance of photoprotection, including the use of broad-
spectrum suncreens, wearing sun-protective clothing when outdoors, and avoiding the 
sun in the middle of the day when UV radiation is the strongest. Despite these efforts, 
Australian adolescents seem to be more resistant to sunlight protection programs than 
children (McCarthy, 2004). Tanning is gaining in popularity as an aesthetic value and 
this group as a whole has little or no interest in sunlight avoidance. Unfortunately, the 
same attitude is seen among adolescents in Europe (de Vries et al., 2006). 
 




2.4.2 Secondary prevention 
 
Whereas primary prevention has an influence on melanoma incidence, the purpose of 
secondary prevention is to improve disease survival by means of early diagnosis. Indi-
viduals should be taught to recognize their own nevi and to watch for their change in 
shape, size, and colour. However, public education and melanoma awareness has been 
mostly focused on superficial spreading melanoma. Indeed, there has been a significant 
increase in the proportion of thin, good prognosis lesions and that is felt to be the prin-
cipal reason for the current overall improvement in melanoma survival. In contrast, 
according to the Scottish Melanoma Group data, the absolute number of thick, poor 
prognosis melanomas has not significantly altered (Murray et al., 2005). Thick mela-
nomas are characterized by an increasingly older age group and male gender (McHenry 
et al., 1992). If the lesion is of nodular type, secondary prevention with early self-
detection of those lesions is less effective, since the rapidly growing nodular tumours 
do not always fit the typical ABCD criteria (Asymmetry, Border irregularity, Colour 
variegation, large Diameter) (Chamberlain et al., 2003). Amelanotic nodular lesions 
may be particularly challenging even for physicians. Elderly men are resistant to 
awareness campaigns and on public skin cancer screening days, the elderly individuals 
who are attending, tend to be predominantly women (Holme et al., 2001). Thus, alter-
native preventive strategies are clearly needed and education needs to be directed, not 
only at elderly people, but also at those who care for them (McHenry et al., 1992). 
2.4.3 Screening  
 
To date, no population-based randomized trials have addressed whether early detection 
via screening asymptomatic persons with whole-body exams by physicians is effective 
in reducing mortality or morbidity from skin cancer (Geller et al., 2007). However, 
there are many evaluations of the results of skin cancer screening campaigns, in which 
free skin inspection has been offered to volunteers. Overall, there is a significant het-
erogeneity considering both the attendees and the examination methods in such studies. 
A Finnish study on this subject was recently published (Oivanen et al., 2008). A total 
of 10 187 patients were analyzed, of whom 5903 had made a campaign and 4284 a rou-
tine visit as their first contact. The authors found a higher specificity (79 % vs. 49 %), 
but a lower sensitivity (59 % vs. 82 %) for campaign attendees versus routine visitors 
regarding overall skin cancer detection. 
 
In general, media campaigns also have educational purposes with a view to improving 
public awareness. While organized whole population-based skin cancer screening re-
mains controversial, major efforts should be focused on patients with high and moder-
ate risk of developing melanoma: patients with giant congenital pigmented nevi, dys-
plastic nevus syndrome, a strong family history or previous melanoma (Thompson et 
al., 2005). Regular full-body examinations performed by a dermatologist should be 
considered especially when multiple atypical nevi are present. These selected high or 
moderate risk patients should be examined by dermatologists, because their practice 




setting is an ideal place for this kind of screening.  New technologies including derma-
toscopy and follow-up photography have resulted in earlier detection of melanomas 
(Kittler et al., 2002; Feit et al., 2004). 
 
In Germany, from the first of July, 2008, a new skin cancer screening programme has 
been available. Beginning from the age of 35, everyone with compulsory health insur-
ance will be entitled to receive a clinical examination for skin cancer every two years 
(hautkrebs-screening). 
2.5 Diagnosis 
2.5.1 Clinical detection based on morphological subtypes 
 
In most cases, melanoma is diagnosed by primary care physicians. In clinical diagno-
sis, the recognition of the morphological subtypes of melanoma and their variants is 
crucial for the physician to avoid certain pitfalls. 
 
Superficial spreading melanoma (SSM) is the most common form of cutaneous mela-
noma constituting 50–70 % of all lesions (Figure 1). Clinically, an initially slow grow-
ing, variably pigmented plaque with irregular and often notched border is seen, ranging 
from a few millimetres to several centimetres; shades of tan-brown to jet-black, and 
from red to blue, are also seen in these lesions (Swetter, 2003). Unlike most other sub-
types, SSM often arises in a precursor nevus. A clinical differentiation between SSM 
and dysplastic nevus is challenging. 
 
Nodular melanoma is the second most common subtype and accounts for 10 % to  
15 % of all melanomas (Figure 2). It is more rapidly growing, typically a darkly pig-
mented nodule or papule, although amelanotic lesions also occur. Chamberlain et al. 
(2003) found that more than 50 % of the nodular melanomas were predominantly am-
elanotic, red or pink. The nodules may be polypoid or pedunculated. Unlike SSMs, 
nodular melanomas are more often symmetric and uniform in colour and that is why 
the ABCD diagnostic criteria of early melanoma do not apply well for nodular mela-
noma. In the case of amelanotic nodular melanoma, there may be a clinical suspicion 
of basal cell carcinoma, pyogenic granuloma, hemangioma or Spitz nevus (Grant-Kels 
et al., 1999). 
 
Lentigo maligna melanoma arises on chronically sun-exposed sites in older individuals 
and presents as a freckle-like lesion (Figure 3). Calculated as density per skin area, len-
tigo maligna melanoma is 74 times more common in the face compared to the skin out-
side the head and neck (Gillgren et al., 1999). The lesion begins as an irregular flat, 
variably pigmented, tan-brown patch which gradually grows and develops darker, 
asymmetric flecks in areas (Swetter, 2003). Partial regression may be present. During 
transformation to invasive melanoma palpaple induration or nodules may develop.  
 




Acral lentiginous melanoma is the rarest type of melanoma among white-skinned 
populations, but the most common form among populations with Fitzpatrick type V-VI 
skin (Figure 4). It arises on palmar, plantar and subungual surfaces as dark brown to 
black, irregular, unevenly pigmented patches (Swetter, 2003). Acral lentigious mela-
nomas of the soles may be misdiagnosed as a foot ulcer, particularly in a diabetic. They 
may also be hidden by a thickened layer of keratin, appearing as a callus. The classical 
subungual melanoma in the hand or foot arises as a narrow pigmented band in the nail, 
which slowly widens and produces a mass under the nail. This form of melanoma is 
very easy to misdiagnose, commonly as a fungal infection or a pyogenic granuloma 
(Grant-Kels et al., 1999). Grant-Kels et al. (1999) listed almost 50 skin conditions, 
which may appear as clinical simulators of melanoma. Conversely, melanomas can 
also masquerade them.  The diagnostic pitfalls are frequently associated with am-
elanotic lesions, because any of the four subtypes can occur as a nonpigmented variant 
(Koch and Lange, 2000). Sometimes, however, a tiny peripheral rim of pigment may 
provide a crucial diagnostic clue (Chamberlain et al., 2003).  The red flags, associated 
with any suspicious skin lesions, are bleeding and ulceration. 
 
 
   
Figure 1. Superficial spreading melanoma. Figure 2. Nodular melanoma. 
  (© Doc. Olli Saksela)                                 
      
 Figure 3. Lentigo maligna melanoma.  Figure 4. Acral lentigious melanoma. 






Because of the diagnostic pitfalls, a low threshold for biopsy is critical in making the 
diagnosis of cutaneous melanoma. Whenever possible, the whole lesion should be ex-
cised with narrow skin margins laterally and with a cuff of subdermal fat (Sober et al., 
2001; Tsao et al., 2004; Bishop et al., 2002). If the clinical suspicion for melanoma is 
low or if the lesion is too large, an incisional or punch biopsy is appropriate as long as 
the sample is representative of the entire process. There is strong evidence that such 
biopsy does not adversely affect prognosis in terms of local recurrence and mortality 
(Lees and Briggs, 1991; Bong et al., 2002). When a punch is used, its blade should be 
4–6 mm in diameter. A tangential shave biopsy is not appropriate when invasive mela-
noma is suspected, because such an approach results in incomplete Breslow depth 
measurement (Tsao et al., 2004). 
2.6 Prognostic factors 
2.6.1 Demographic factors 
 
Increasing patient age is an independent prognostic factor with respect to the overall 
survival rate within all thickness subgroups (Balch et al., 2001b). Male gender is also 
associated with worse prognosis than female gender (Balch et al., 2001b). In addition 
to age and sex, the anatomic site correlates significantly with survival: trunk, head and 
neck sites with worse prognosis than extremities (Balch et al., 2001b). 
2.6.2 Pathologic factors 
 
Horizontal versus vertical growth phase. The pathology of primary melanoma pro-
vides diagnostic data, offers prognostic information and, to large extent, directs the 
treatment of the patient (Liu and Mihm, 2003). The basic delineation can be made be-
tween preinvasive melanoma in situ and invasive melanoma. Melanoma in situ is an 
intraepidermal lesion at a pure radial growth phase without any metastatic potential. If 
a vertical component is present and the tumour cells have broken through the basement 
membrane into the papillary dermis, melanoma is defined as invasive.  This concept of 
distinct radial and vertical growth phases is also associated with the subtypes of mela-
noma. SSM is thought to grow mainly by radial growth pattern at the initial stage, 
whereas nodular melanoma lacks a radial growth phase and grows vertically. Because 
of this feature, nodular melanomas tend to be more advanced at diagnosis and have 
worse prognosis. The prognosis of melanoma is strongly associated with its vertical 
invasion in depth, not with its visible size, i.e. diameter in radial dimension. However, 
when other risk factors such as tumour thickness are equal, the subtype is not an inde-
pendent prognostic factor for survival (Clark et al., 1989). 
 
Clark´s level of invasion. Wallace Clark (1924-1997), a skin pathologist from Boston, 
Massachusetts, U.S.A., established a five-levelled scale of melanoma according to the 




depth of microscopic invasion of the tumour cells and demonstrated its correlation with 
survival (Clark et al., 1969). This classification system is highly reproducible for pa-
thologists and it has been a valuable tool for melanoma researchers giving them a stan-
dard vocabulary for sharing information from studies. 
 
Clark´s levels are defined as follows according to the anatomic compartment of inva-
sion: 
Level I:  Intraepidermal in situ melanoma 
Level II: Invasion through the basement membrane into the papillary dermis 
Level III: Invasion into the interface between papillary and reticular dermis 
Level IV: Invasion into the reticular dermis 
Level V: Invasion through the entire skin into the subcutaneous fat tissue 
 
To date, Clark´s level is still valid and widely used in routine pathology reports. Level 
of invasion is highly associated with survival when considered as a single variable. 
However, Balch et al. (2001b) found in a multivariate analysis of 17 600 melanoma 
patients that the Clark´s level of invasion is an independent predictive feature of thin 
T1 melanoma, but not for thicker lesions. As a result, the level of invasion was incor-
porated only into the staging definitions of T1 melanomas in the revised American 
Joint Committee on Cancer (AJCC) 2002 classification system. 
 
Breslow thickness. One year after Wallace Clark´s landmark study, Alexander 
Breslow (1928-1980), a professor of pathology at George Washington University 
Medical Center, Washington, U.S.A., published his retrospective study on only 98 pa-
tients (Breslow, 1970). Breslow found by careful analysis that both tumour thickness 
and the stage of invasion were of value in assessing prognosis. Later on, with a larger 
study population Breslow reported that the incidence of metastatic disease is directly 
proportional to the tumour thickness (Breslow, 1975). Breslow suggested that “these 
criteria may be of value in selecting patients for prophylactic lymph node dissection”. 
Because of this significance, Breslow depth is the single most important parameter of 
localized melanoma in the AJCC classification. Unlike Clark´s qualitative classifica-
tion, the Breslow thickness measurement assesses the depth of melanoma as a quantita-
tive parameter, measured from the top of the granular cell layer of epidermis to the 
deepest point of invasion. Breslow thickness is the most powerful independent factor 
for prediction of lymph node metastasis and survival (Balch et al., 2001b). Among pa-
thologists, there is also good agreement of the reproducibility of tumour thickness 
(Scolyer et al., 2003). 
 
Ulceration. In 1953, Sophie Spitz (1910-1956) and Arthur Allen (1910-1994), pa-
thologists at Memorial Hospital, New York, published a study on 934 patients regard-
ing the clinicopathological analysis of the criteria for diagnosis and prognosis of ma-
lignant melanoma (Allen and Spitz, 1953). In their extensive article in the journal Can-
cer, they were the first to establish the clinical significance of ulceration as a major 
prognostic factor. They noticed a significant association between the incidence of ul-
ceration and mortality. Ulceration is defined as the absence of an intact epidermis over-




lying a major portion of the primary melanoma based on microscopic examination 
(McGovern et al., 1982; Balch et al., 1978). The distinction between traumatic or arti-
ficial disruption of the epidermis and spontaneous ulceration is essential. An ulcerated 
melanoma is associated with aggressive metastatic behaviour and, analogiously, such 
lesions should be considered in the same category as any poorly differentiated or lo-
cally advanced cancer (Balch et al., 1980). Ulceration is one of the most reproducible 
of all the major histopathologic features of melanoma (Corona et al., 1996). 
 
Mitotic rate. Tumour mitotic rate was originally classified as the average number of 
mitoses per 10 high power fields (HPF) (McGovern et al., 1973). In the later revised 
recommendation, mitotic rate was determined as the number of mitoses per mm2 
(McGovern et al., 1986). Tumour mitotic rate has been confirmed to be an important 
independent predictor of survival for melanoma patients (Azzola et al., 2003; Francken 
et al., 2004). Despite this significance, mitotic rate was considered to be too interpre-
tive as a parameter and therefore it would have been difficult to include it into the latest 
AJCC 2002 classification system (Balch et al., 2004). 
 
Regression. Primary cutaneous melanoma has a tendency to disappear spontaneously. 
Histologically, the active phase is characterized by a dense infiltrate of lymphocytes 
similar to that seen in spontaneously disappearing naevi. The regression process may 
continue until the tumour has been completely destroyed, or it may cease when only a 
part of the tumour has been destroyed (McGovern, 1975). The larger size of the regres-
sion area is associated with a worse prognosis, particularly in thin melanomas (Ronan 
et al., 1987; Guitart et al., 2002). Completely regressed melanomas have not been 
documented but probably some of the occult primary lesions, when only metastases 
have been found, are associated with this event. It has been speculated that regression 
may cause underestimation of the tumour depth resulting in a determination of “false-
thin” melanoma (Liu and Mihm, 2003). Regression has, however, been defined differ-
ently in various studies, and the reproducibility of the classification of regression has 
been considered low (Elder et al., 2005). 
 
Microsatellites. Satellites are discrete tumour nests, separated from the main body of 
the tumour by normal reticular dermal collagen or subcutaneous fat, and considered to 
most likely represent locoregional metastases (Day et al., 1981). Satellites appear to be 
associated with increased risk for local recurrence, even after a formal wide excision 
has been completed (Elder et al., 2005). The distinction between satellites and in-
transit metastases is unclear from the biological point of view. The latest AJCC 2002 
classification system merges them into a single staging entity that is grouped under 
stage N2c disease (Balch et al., 2000). 
 
Angiolymphatic invasion. Vascular invasion has been considered as closely related to 
tumour satellites, as most of them presumambly occur as a result of angiolymphatic 
invasion (Elder et al., 2005). In general, the distinction between blood vessel and lym-
phatic vessel invasion is not possible. Angiolymphatic invasion, however, is likely to 
be associated with poor prognosis (Kashani-Sabet et al., 2001). 





Taken together, the pathology report should accurately include all this information of 
the primary lesion, which is important for rational and effective clinical management 
of the patient. Diagnostic difficulties may occur, particularly for pathologists who are 
not experienced in assessing and reporting melanocytic lesions (Veenhuizen et al., 
1997). For this reason, pathologists should be encouraged to seek second and third 
opinions when there is uncertainty, as many already do (Thompson et. al, 2005). 
2.6.3 Nodal status 
 
Because of the high number of characteristics, there are many computer-based prog-
nostic models for cutaneous melanoma. In clinical practice, however, the prognosis for 
an individual patient with melanoma simply depends mainly on two factors: the thick-
ness of the primary tumour and the presence or absence of metastasis to regional lymph 
nodes (Thompson et al., 2005). Stage III disease, defined as presence of regional 
lymph node metastasis, is associated with a dramatic deterioration of prognosis. Nodal 
status is the most important independent predictive factor for survival (Balch et al., 
2001a). In a multivariate analysis of 1201 patients with nodal metastases, the following 
three factors were significant prognostic factors: the number of metastatic nodes, the 
tumour burden at the time of staging (i.e. clinically occult vs. clinically apparent) and 
the presence of ulceration of the primary lesion (Balch et al., 2001b). This finding is 
the basis of the N classification in the AJCC 2002 melanoma staging system. 
2.7 Classification and staging 
2.7.1 AJCC Staging system 
 
The tumour-node-metastasis (TNM) staging of cancer is a shorthand system for de-
scribing the extent of disease, typically including three major categories of disease: 
localized disease (stage I-II), disease with regional lymph node metastases (stage III), 
and disease with distant metastases (stage IV). A new AJCC staging system for mela-
noma was introduced in 2002 and it is now in the international use. The classification 
is based on the details of 17 600 patients from 13 melanoma treatment centres and their 
prospective databases in the U.S.A, Australia and Europe. A subcommittee of six ex-
perienced clinical statisticans participated in the analysis (Balch et al., 2001a). The 
AJCC 2002 staging system and the estimated 10-year survival rates in each category 
are presented in Table 1. 
 
In this classification system, stage I-II melanoma is defined as localized disease. In 
contrast, stage III signifies nodal involvement, either microscopic or macroscopic. A 
microscopic metastasis is defined as a metastasis not detectable by clinical or radio-
logical examination but pathologically detected (Balch et al., 2001a). In the study 
population of the AJCC database, the microscopic tumour burden had been identified 




by either sentinel or elective node dissection for patients with clinically localized 
melanoma (Balch et al., 2001a). 
 
Table 1. AJCC 2002 staging system with corresponding 10-year survival rates (Balch 
et al., 2001a) 
 
Stage Definition 10-year survival (%) 
IA   Thickness ≤1.0mm, no ulceration, Clark level II-III 87.9 
IB Thickness ≤1.0mm, with ulceration or Clark level IV-V 83.1 
 Thickness 1.01-2.0mm, no ulceration 79.2 
IIA Thickness 1.01-2.0mm, with ulceration 64.4 
 Thickness 2.01-4.0mm, no ulceration 63.8 
IIB Thickness 2.01-4.0mm, with ulceration 50.8 
 Thickness >4.0mm, no ulceration 53.9 
IIC Thickness >4.0mm, with ulceration 32.3 
IIIA 1-3 nodes with micrometastasis, no ulceration 56.9 – 63.0 
IIIB 1-3 nodes with micrometastasis, with ulceration 35.9 – 47.7 
 1-3 nodes with macrometastasis, no ulceration  
 Satellites or intransit metastases, no nodal metastases  
IIIC Macrometastases with ulceration or intransit metastases 
or satellites, or any metastases in 4 or more nodes 
15.0 – 24.0  
IV Distant metastases   2.5 – 15.7 
 
2.8 Surgical management of the primary melanoma 
2.8.1 Primary excision 
 
Most cases of cutaneous melanoma are cured by the excision of the primary tumour 
alone. Inadequate excision margins may increase the risk of local recurrence and de-
creased survival but, in contrast, overtreatment is associated with increased morbidity. 
This topic has been investigated by five prospective randomized trials of good quality 
(Veronesi et al., 1988; Balch et al., 1993; Ringborg et al., 1996; Khayat et al., 2003; 
Thomas, et. al 2004). Three of them have also reported follow-up studies (Veronesi 
and Cascinelli, 1991; Balch et al., 2001c; Cohn-Cedermark et al., 2000). They all com-
pared the results of narrow excision margins (1 to 2 cm) to wide excision margins (3 to 
5 cm), but there was significant clinical heterogeneity between the trials. Trials in-




cluded patients with different stages of disease and the definitions of narrow versus 
wide excision margins were different. The data of these trials comprising a total of 
3313 participants have been analyzed by two meta-analyses (Haigh et al., 2003; Lens 
et al., 2007). These meta-analyses concluded that there was no statistically significant 
difference in overall mortality or local recurrence rate between patients treated with 
wide excision margins versus those treated with narrow excision margins. Only Tho-
mas and co-workes (2004) showed a borderline statistically significant increased risk 
of locoregional recurrence in patients treated with narrow excision margins, if the 
Breslow thickness of the lesion was 2 mm or greater. From the results of these analy-
ses, however, it is difficult to recommend the minimum excision margins required. A 1 
cm margin is widely accepted as adequate for thin melanomas, but there is still debate 
about the safety of 1-cm margins for melanomas with a thickness of 1 to 4 mm, be-
cause a 1-cm margin has never been tested against a 2-cm margin in any randomized 
trial. In this category, the recommended maximum margin is 2 cm according to most 
guidelines. Minimum margins necessary for thick melanomas (>4 mm) remain unclear, 
because current published data including the meta-analyses provide insufficient evi-
dence to recommend optimal surgical treatment (Veronesi et al., 1988; Balch et al., 
1993; Ringborg et al., 1996; Khayat et al., 2003; Thomas, et. al 2004; Lens et al., 
2007). In general, local failure may result from both the biology of the primary tumour 
and the extent of excision. 
2.8.2 Reconstruction 
 
 In most cases, the wound can be closed directly by means of narrow excision margins 
(1 to 2 cm). However, the recommendations for excision margins are based primarily 
on data from melanomas of the trunk and extremities. Melanomas in hands, feet or in 
the face are less well studied and they pose a surgical challenge. Nonetheless, on-
cologic principles and adequate margins should not be compromised for aesthetic or 
functional concerns with potentially curable melanoma. A well-planned reconstructive 
procedure is preferred to a suboptimal surgical excision (van Aalst et al., 2003). A va-
riety of options exists for reconstruction instead of primary closure: skin grafting, local 
skin flaps, regional muscle or fasciocutaneous flaps or, rarely, microvascular free flaps. 
These techniques allow for closure of most defects. 
 
Subungual melanomas are often associated with delayed diagnosis and present with 
deep primary lesions (Cohen et al., 2008).  A history of anamnestic nail trauma is not 
uncommon (Möhrle and Häfner, 2002), which may lead to a misdiagnosis of subungual 
haematoma. The treatment should be planned according to the Breslow thickness, but 
digital amputation is frequently needed because of the paucity of soft tissue between 
the tumour and the bone beneath the nail even in patients with thin melanoma (Cohen 
et al., 2008). Finger amputation may be performed as distal or proximal interpha-
langeal level amputation, depending on appropiate cutaneous margins (van Aalst et. al, 
2003). In the foot or heel, extensive resections of plantar weight-bearing areas may 
require flap reconstruction, either with a local or free flap. Fasciocutaneous free flaps, 




such as the radial forearm flap, are preferred alternatives in such situations (van Aalst 
et al. 2003). 
2.9 Lymphatic mapping and sentinel lymph node biopsy 
2.9.1 Preliminary studies on the lymphatic system 
 
Bartholin was the first to notice the existence of the lymphatic system in 1653. A com-
prehensive systematic mapping of the lymphatic anatomy of skin was done in the 19th 
century by Marie Sappey, a French anatomist. His atlas of the lymphatic anatomy in-
cluded the classic watershed concept, an assumption that lymphatic vessels drain to-
wards the axilla above a horizontal line and towards groin below it (Sappey, 1874). In 
the 1950s, the lymphatic system was studied with lymphangiography. The lymphatic 
trunks were made visible to the naked eye by subcutaneous injection of a diffusible 
blue dye (Patent blue V) so that watery radio-opaque solution could be injected directly 
into them through a small needle (Kinmonth et al., 1955). In the 1960s, there were at-
tempts to use lymphangiography in the detection of clinically occult lymph node me-
tastases in patients with melanoma. Filling defects in the x-rays of regional lymph 
nodes was thought to determine the presence of metastasis. However, this method was 
not found to be reliable, particularly when the nodal metastases were microscopic 
(McPeak and Constantinides, 1964). Because of the high rate of both false positive and 
false negative findings, the value of lymphangiography in guiding clinical decisions on 
melanoma patient management was nullified (Cox et al., 1966). 
 
Before the era of sentinel lymph node biopsy, elective lymph node dissection was 
widely used in melanoma patients with the purpose to improve survival and local dis-
ease control. There was an obvious difficulty, particularly in axial trunk melanomas, to 
determine which lymph node basins were the potential sites of occult metastases and 
candidates for surgical removal. The conventional concept was based on Sappey´s ana-
tomical guidelines. At that time, lymphoscintigraphy (LS) studies questioned the lym-
phatic watershed concept of Sappey in many cases. As the lymphatic pathways vary for 
every individual, they may lead to unpredictable or multiple lymph node basins. LS 
was a reliable technique to visualize this complex system and it was easier to perform 
and less invasive than lymphography. The preliminary study was reported on patients 
with trunk melanoma and whose evaluation was performed by colloidal gold radionu-
cleotide 198Au scanning (Fee et al., 1978). Nine of the 27 patients had nodal metasta-
ses in the area of nucleotide uptake and there were no recurrence in those basins which 
did not show preoperative gold uptake. Two pioneer studies were performed in Scan-
dinavia. Swedish investigators reported an evaluation on 32 melanoma patients and 
239 removed lymph nodes (Bergqvist et al., 1984). They concluded that LS was of 
great importance visualizing lymph flow directions when prophylactic lymph node dis-
section was planned. During follow-up, no recurrences were found in areas other than 
those indicated by the LS. Interestingly, increased radioactivity was found in tumour-
involved lymph nodes. This was speculated by the authors to be due to an increased 




function of the phagocytes during the early phase of metastatic spread. These nodes 
were probably radioactive because they were the sentinel nodes. Another study from 
Denmark found that 48 % of truncal melanomas had a multidirectional lymph flow 
from the tumour site, which did not agree with the classic assumption as to the direc-
tion of lymph flow (Lock-Andersen et al., 1989). The simple drawings in this paper 
demonstrated very elegantly the unpredictable variations of lymphatic routes to re-
gional lymph node basins and there is an interesting similarity between these drawings 
and recently published three-dimensional, computer-based, colour-coded heat maps, 
which were based on over 5000 lymphoscintigrams performed in the Sydney Mela-
noma Unit in the past 10 years (Reynolds et al., 2007). Both of these studies confirm 
that the traditional Sappey´s lines are not effective in predicting lymphatic drainage. 
2.9.2 The sentinel node concept 
 
The first clinical observation of the sentinel node, i.e. the first draining node, was re-
ported by Ernest Gould and his co-workers (1960). Their observations were based on 
the constant location of a normal lymph node at the junction of the anterior and poste-
rior facial vein during the operation of parotid gland cancer. This normal-appearing 
node was sent to the pathologist for frozen section study and “to the surprise of the 
surgeon, the report was lymph node with metastatic tumour”. Thereafter, radical neck 
dissection was performed. Based on 28 further similar operations, Gould stated that 
sentinel node status may guide the surgeon in the justification of radical neck dissec-
tion. This finding formulates the basis of the sentinel node concept: the status of the 
sentinel node is predictive for the status of the entire nodal basin. 
 
The next step on the development of the sentinel lymph node biopsy (SLNB) was the 
pilot study by Ramon Cabañas (1977) on 46 patients with penile carcinoma. The ly-
phangiography technique was used for the detection of the sentinel node. Cabañas 
demonstrated lymphatic drainage from the penis into “a specific lymph node center, 
the so-called sentinel lymph node”. The sentinel node was found to be the first filter in 
the penile lymphatic pathway and in 80 % of the metastatic cases, no other lymph 
nodes were positive. Cabañas concluded that if SLNBs are negative for metastases, no 
further surgical therapy is immediately indicated. However, some later reports found 
this method unreliable (Perinetti et al., 1980; Wespes et al., 1986). In addition, penile 
cancer is a rare disease and the number of cases for individual urologists would have 
been insufficient for the challenging approach (Busby and Pettaway, 2005). This re-
sulted in a 15-year long silent period which ended in the return of the SLNB concept in 
patients with melanoma and breast cancer. 
 
Finally, the concept was outlined by Donald Morton and co-workers in patients with 
melanoma (Morton et al., 1992). Their publication “Technical details of intraoperative 
lymphatic mapping for early stage melanoma” consists of two parts: first, there was a 
feline study to determine the ideal dyes and technique for identifying the regional lym-
phatics, and secondly, a clinical study on 223 melanoma patients. The feline study was 




also reported elsewhere in detail (Wong et al., 1991).  Morton, who operated most of 
the patients himself, used patent blue-V or isosulfan blue for intraoperative mapping of 
the lymphatics (Morton et al., 1992). LS was used selectively only in 14 patients to 
identify the lymphatic drainage for melanomas located in ambiguous sites, such as the 
midline of the trunk. By meticulously dissecting along the blue-stained lymphatic 
ducts, the first draining lymph nodes were identified and removed. At least one sentinel 
node was identified in 82 % of the procedures and metastatic tumour cells were de-
tected in 21 % of them. The false-negative rate was 1 % and no severe complications 
were reported (Morton et al., 1992).  




In their feline studies, Morton and co-workers examined a variety of mapping sub-
stances for their potential utility as tracking dyes in the lymphatics (Morton et al., 
1992). These included methylene blue, isosulfan blue, patent blue-V, Cyalume and flu-
erescein dye, which were injected intradermally in adult cats to determine whether the 
anatomic site of injection had a predictable pattern of drainage to a particular lymph 
node. Among these substances, Patent blue-V and isosulfan blue provided the best re-
sults in mapping the regional lymphatics. When injected intradermally, they rapidly 
entered the lymphatics and were associated with minimal diffusion into the surround-
ing soft tissue. The bright blue coloration of these dyes was clearly visible and allowed 
easy identification of the afferent lymphatic channel. In his first human study, Morton 
also found Patent blue-V to enable the best viewing of the draining lymphatics and the 
brightest staining of the sentinel nodes. Injection of the dye intradermally was consid-
ered as critical and only a small volume of dye (0.5 to 1.0 ml) was needed. The dye 
was injected at the site of melanoma, or if the primary lesion had been removed by ex-
cisional biopsy, intradermally on either side of the incision scar. The injection site was 
gently massaged to promote the passage of dye along the lymphatics. Morton learned 
that the dye passed rapidly to the sentinel node and then to secondary nodes causing a 
risk for false-negative result. Therefore, the injections were repeated every 20 minutes 




A surgeon always needs a roadmap. If only blue dye is used, the surgeon cannot know 
precisely where the blue-stained sentinel nodes are located and considerable dissection 
is often required to find the node. By lymphoscintigraphy the tumour´s specific indi-
vidual drainage routes are visualized, providing the roadmap of the lymphatic high-
ways for the surgeon. The Sydney Melanoma Unit started the practice of preoperative 
LS in high-risk trunk melanomas in 1986 and the results were published some years 
later (Uren et al., 1993). Uren and his working group used technetium-99m-antimony 
sulphide colloid (99m Tc-Sb2S3) and the particle size of the tracer varied from 3 to 12 




nanometers. Multiple small-volume (0.1 ml) intradermal injections were used to sur-
round the biopsy excision site or the primary lesion and the radioactivity of the dose 
varied from 50-70 MBq/ml. The studies were performed prior to wide local excision. 
The scanning using a large gamma camera was commenced immediately and each scan 
view was collected over 10 minutes. LS had a sensitivity of 94 % in detecting draining 
sites that contained metastases. Most patients showed lymph drainage to one or two 
nodal basins and most of them also had multiple draining lymph channels. Unusual 
drainage patterns were frequently seen, for example deeply to the para-aortic nodes. 
Aberrant sentinel nodes outside the regional basins are also common. During the last 
six months of this preliminary study Uren also marked the sentinel node in each drain-
ing node group. Uren stated that the sentinel node concept has proved to be one of the 
most useful aspects of LS (Uren et al., 1994). A preoperative lymphoscintigraphy is 
presented in Figure 5. 
 
    
 
Figure 5. A. Preoperative scintigraphy with a gamma camera. B. A lymphoscintigra-
phy of a patient with a melanoma in the left cheek indicates the locations of four senti-
nel nodes (sn). Sn II was located and later excised in the parotid gland. 
 
Most reports refer to sentinel nodes situated in the classic and anatomically well-
defined lymph node basins: mainly the cervical, axillary, and groin. However, patterns 
of lymphatic drainage from the skin are not clinically predictable (Uren, 2004). LS 
studies have demonstrated that sentinel nodes are sometimes situated outside the famil-
iar regional lymphatic basins. The incidence of such aberrant or interval sentinel nodes 
is between 4 % and 5 % (Matter et al., 2007; Roozendaal GK et al., 2001). These aber-
rant sentinel nodes are at the same metastatic risk as are sentinel nodes in the usual 








Intraoperative mapping and combined technique 
 
The use of an intraoperative scintillation probe to detect deposits of radiolabelled tissue 
was described in 1948: an intraoperative Geiger-Müller counter was used to detect 
brain tumours radiolabelled with intravenously administered phosphorus-32 (Selver-
stone et al., 1948). After numerous intermittent experimental works, this approach 
made a come-back within the sentinel node concept. Using first a feline model, Alex 
and Krag (1993) reported that intradermally injected technetium-99m-labeled sulphur 
colloid enters the same lymphatic pathways and labels the same lymph nodes as does 
the blue dye. In this animal model and in the following pilot series of melanoma pa-
tients (Alex et al., 1993; Krag et al., 1995), the radiolabeled sentinel nodes were found 
to be detectable with a handheld gamma detector. The sentinel nodes identified by the 
gamma probe on the skin surface were same as the hot spots in the preoperative map-
ping. This improved localization made it possible to remove the sentinel node faster 
and through a small incision. For this reason, SLNB was suggested to be done in an 
outpatient setting with local anaesthesia minimizing the time, cost and morbidity of the 
procedure. Technetium-99m was stated to be the radionuclitide of choice. Its optimal 
gamma-ray energy and short half life (6 hours) minimize radiation exposure and makes 
sequential studies possible. In addition, it is inexpensive and readily available. This 
technique is also able to detect the residual gamma emissions in the lymphatic bed after 
the removal of the radiolabelled node, indicating the presence of additional nodes. Re-
moval of lymph nodes until the bed count is 10 % of the hottest lymph node will re-
move 98 % of positive sentinel nodes (Carlson et al. 2002). It soon became clear that 
the identification of the sentinel node was most accurate if the combined triple method 
was used: preoperative lymphoscintigraphy with skin markings, blue dye injection and 
the use of hand-held gamma probe intraoperatively (van der Veen et al., 1994). There 
are many important variables within the procedure; such as the timing and the type of 
the lymphoscintigraphy (static vs. dynamic); and the type, the amount and the number 
of radiocolloidal tracer. Most importantly, however, the SLNB procedure is very much 
a team work with involvement of multiple disciplines including surgery, pathology, 
and nuclear medicine. The SLNB procedure is presented in Figure 6. 





            
 
                    
Figure 6. Sentinel lymph node biopsy: A. Gamma detecting probe. B. Radioactive fo-
cus in the right axilla, dorsally to the lymphoscintigraphy skin markings. C. Blue and 
hot node is found. D. Ex vivo radioactivity counted from the hot node. 
2.9.4 Histopathological analysis of the sentinel node 
 
Accurate pathologic evaluation is a key component in the sentinel node concept. As the 
surgeon has to perform a reliable SLNB procedure, the main task for the pathologist is 
to screen the sentinel nodes for possible metastases. This screening has to be done 
more meticulously than usual because a false negative assessment may lead to untreat-
able local tumour outgrowth in tumour-bearing lymph nodes that have remained (van 
Diest et al., 1999). The sentinel node concept has reduced the number of lymph nodes 
that need to be evaluated, allowing pathologists to focus their efforts (Cochran et al., 
2000a). In the preliminary SLNB studies of melanoma, intra-operative frozen section 
analysis was used so that a completion lymph node dissection could have been per-
formed during the same operation if the sentinel node contained micrometastasis. Cur-
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rently, this one-step approach is still advocated in breast cancer whereas intraoperative 
frozen section analysis is strongly discouraged in melanoma patients due to the risk of 
interpretative errors (Cochran et al., 2000a). Evaluations are recommended to be made 
on formalin fixed, paraffin embedded sections for two reasons: first, to minimize the 
loss of limited diagnostic tissue, and secondly, to provide high quality sections that 
provide optimum cellular morphology for analysis of H&E-stained and immuno-
stained preparations. In addition, the frozen section analysis is associated with poor 
sensitivity (Koopal et al., 2000). The standard protocol of histopathological investiga-
tion thus consists of haematoxylin and eosin (H&E) stained sections and immunohisto-
chemistry. Excised and formaldehyde-fixed sentinel nodes are first cut coarsely into 
slices of 1-2 mm in thickness; the slices are embedded in paraffin, sectioned, and 
stained with H&E. Because melanomas metastasize first to the subcapsular sinus in the 
plane of entry of the relevant afferent lymphatic, the sentinel node should be sected 
through its longest meridian (Cochran et al., 2004a).  
 
If no metastatic melanoma cells are identified in the H&E sections, further sections are 
cut and immunohistochemical staining is performed. Without immunohistochemistry, 
approximately 12 % of metastatic sentinel nodes would be miscategorized as tumour 
negative (Cochran et al., 2000b). Monoclonal antibodies as S-100 (Gaynor R et al., 
1980, 1981) and HMB 45 (Gown et al., 1986) have been commonly used as diagnostic 
reagents in the immunohistochemical analyses of the sentinel nodes. The S-100 protein 
is most used in this regard, staining virtually 100 % of melanomas, but the disadvan-
tage is that it is not specific; it also stains dendritic leukocytes of the paracortex, the 
Schwann cells of node-associated nerves (Cochran et al., 1984) and the intranodal nevi 
(Carson et al., 1996). HMB-45 is more specific, but up to 25 % of melanomas do not 
express the relevant epitope (Cochran et al., 2004a). Furthermore, MART-1 
(Kawakami et al., 1994) and Melan-A (Coulie et al., 1994), synonyms for the same 
protein antigene discovered by two groups of researchers who independently 
sequenced the gene for this protein, suffer from the same limitation as HMB-45 in that 
some melanomas do not stain with this reagent (Cochran, 2000). Some investigators 
have suggested higher diagnostic accuracy with Melan-A and MART-1 compared to  
S-100 and HMB-45 (Shidham et al., 2001). A Melan-A-positive micrometastasis in a 
sentinel lymph node is presented in Figure 7. 
 
 




        
 
Figure 7. A micrometastasis of melanoma in a sentinel node (Melan-A stain). 
 
In the sentinel node, the tumour cells are usually relative few in number and dispersed 
singly or as microcolonies in subcapsular sinuses (Cochran et al., 2004a). However, the 
histopathological findings cover a broad spectrum ranging from isolated tumour cells 
to complete replacement of lymph node tissue by melanoma cells (Satzger et al., 2007). 
The tumour burden or tumour disposition predicts the status of nonsentinel nodes, 
disease recurrence and death from melanoma (Carlson et al., 2003b; Cochran et al., 
2008). There are several micromorphometric methods for measuring the tumour di-
mensions in a lymph node, such as tumour centripetal depth (Figure 8) (Starz et al., 
2001), tumour area (Cochran et al., 1993), maximal size of the deposit (Wagner et al., 





Figure 8. A subcapsular micrometastasis of 1.1 mm in tumour penetrative depth (d). 
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2.9.5 Molecular analysis of the sentinel nodes 
 
Routine histopathological examination of sentinel nodes may underestimate the 
number of patients with melanoma who have occult nodal metastases. This is the 
rationale behind the molecular ultrastaging of the sentinel nodes in an attempt to 
improve the sensitivity of the SLNB procedure. The search for more accurate and sen-
sitive staging has led to techniques, which are based on molecular detection of mela-
noma cells in peripherial blood or sentinel nodes (Palmieri et al., 2007). This type of 
detection utilizes the reverse transcriptase-polymerase chain reaction (RT-PCR) tech-
nique. The target for RT-PCR is tyrosinase messenger RNA (mRNA). Tyrosinase, the 
key enzyme in melanin synthesis, is tissue-specific and is actively expressed only by 
melanocytes and melanoma cells. The role of tyrosinase as a molecular marker was 
initially reported in the early 1990s and since then interest has been increasing (Smith 
et al., 1991). Recently, the data of 22 published studies on a large pool of 4019 patients 
underwent a systematic review and meta-analysis (Mocellin et al., 2007). Pooled data 
revealed a histology-based sentinel positivity rate of 20.3 %, whereas the mean RT-
PCR positivity rate was 51.4 %, with a broad range between 12.1 % and 74.0 %. The 
meta-analysis indicated that RT-PCR status is a significant meta-risk for both overall 
survival and disease-free survival. However, there was significant heterogeneity be-
tween the trials. The main reason for the conflicting results was caused by the largest 
and most important trial: the Sunbelt Melanoma Trial, which is a prospective random-
ized trial involving 79 institutions (Scoggins et al., 2006). A total of 1446 patients with 
histologically negative sentinel nodes underwent RT-PCR analysis. 42.9 % of the pa-
tients were RT-PCR positive but there was no difference in disease-free survival or 
overall survival between the RT-PCR positive and negative patients and RT-PCR 
analysis of the sentinel nodes demonstrated no additional prognostic information be-
yond standard histopathological analysis. Thus, RT-PCR remains investigational and 
should not be used to direct any standard therapy. 
2.9.6 Validation of the sentinel node concept 
 
Within three years of the landmark publication by Morton (Morton et al., 1992), the 
validity of the SLNB concept in patients with melanoma was confirmed by two studies 
(Reintgen et al., 1994; Thompson et al., 1995). The aim of these studies was to confirm 
that metastatic melanoma cells travelling in lymphatics do not bypass the sentinel 
node, because such skip metastases would cause an increased false-negative rate and 
thus decreased sensitivity of the SLNB procedure. In these studies, both SLNB and 
immediate ELND of the relevant lymph node basin were undertaken and it was thereby 
confirmed that the sentinel node status accurately reflected the status of the entire 
nodal basin. Several other investigators subsequently also verified the accuracy of 
SLNB (Krag et al., 1995; Albertini et al., 1996; Leong et al., 1997). In these five pre-
liminary studies the sentinel node identification rate varied between 87 % and 
100 % and the sentinel positivity rate between 15 % and 21 %. In a review of 12 stud-
ies containing 4218 patients with stage I-II melanoma, 17.8 %  (95 % CI; 16.7-19.0) 




of patients were sentinel-positive (Lens et al., 2002). Breslow thickness predicted sen-
tinel-positivity being 1.0 % for lesions of ≤ 0.75 mm, 8.3 % for 0.76-1.50 mm, 22.7 % 
for 1.51-4.0 mm, and 35.5 % for more than 4.0 mm. 
 
The initial purpose of the development of the SLNB concept was to replace ELND. 
The available evidence overwhelmingly supports sentinel node status as the most pow-
erful independent factor predicting recurrence and survival indicating that SLNB pro-
vides the highest sensitivity and specificity of any nodal staging method currently 
available (Gershenwald et al., 1999; Cascinelli et al., 2000; Jansen et al., 2000; Statius 
Müller et al., 2001; Kettlewell et al., 2006). In terms of this accuracy, SLNB is superior 
to ELND (Doubrovsky et al., 2004). 
2.9.7 Complications of sentinel lymph node biopsy 
 
The SLNB procedure is not complication-free. A study on 250 SLNB patients reported 
an overall complication rate of 20 % (Wasserberg et al., 2004). The wound complica-
tions were predominantly associated with the inguinal dissection. However, a publica-
tion from the Sunbelt Melanoma Trial Study Group reported a significantly lower 
complication rate of 4.6 % on a cohort of 2120 SLNB patients (Wrightson et al., 2003). 
Risks include wound separation (0.2 % to 1.2 %), seroma or hematoma (2.3 % to  
5.5 %), wound infection (1.1 % to 4.6 %), and lymphedema (0.6 % to 0.7 %) (Morton 
et al., 2005; Wrightson et al., 2003). In general, SLNB alone entails significantly lower 
morbidity compared with a combination of SLNB and CLND. 




There is a linear correlation between Breslow thickness and mortality and for this rea-
son, thin T1 melanomas (Breslow thickness of ≤ 1 mm) have in general excellent 
prognosis. However, a small fraction of patients with thin melanoma will develop re-
currence and die of disseminated disease.  Any invasive melanoma may carry such po-
tential risk and there is no thickness-related biological cut-off point regarding metasta-
sis. According to extensive population-based studies, the 5-year-survival rate for pa-
tients with thin T1 melanoma is 98 % and the 10-year survival rate is 95 % (Lindholm 
et al., 2004; Gimotty et al., 2007). According to the statistics of the AJCC database, 
pathologic nodal status was present in 4.5 % of the 731 patients with thin melanoma 
(Balch et al., 2001a). Several single-institution SLNB studies have shown a wide varia-
tion in the percentage of patients who are found to have positive sentinel nodes. Ten 
such studies are presented in Table 2. Pooled data show an overall sentinel positivity 
rate of 5.0 %. In some of these studies, there have been attempts to find parameters that 
would predict the sentinel node positivity. 




Table 2. Results of sentinel lymph node biopsy in thin T1 melanoma 
 
Study    n Positive SNs Predictors of SN-positivity 
Bleicher et al. (2003)   272   8 (2.9 %) Not found 
Wong et al. (2006a)   223   8 (3.6 %) Not found 
Ranieri et al. (2006)   184 12 (6.5 %) Clark level, mitogenicity 
Stitzenberg et al. (2004)   146   6 (4.1 %) Not found 
Starz and Balda (2007)     87 10 (11.5%) Not reported 
Oliveira Filho et al. (2003)     77   6 (7.8 %) Ulceration, mitogenicity, VGP 
Bedrosian et al. (2000)     71   4 (5.6 %) VGP (all patients) 
Jacobs et al. (2003)     65   2 (3.1 %) Not reported 
Hershko et al. (2006)     64   5 (7.8 %) Younger age 
Cecchi et al. (2007)     50   2 (4.0 %) Not reported 
Pooled data 1249 63 (5.0 %)  




The optimal candidate for SLNB is a patient with an intermediate-thickness melanoma. 
In patients with thick T4 melanoma (Breslow thickness of >4 mm), it has been thought 
that the risk of occult distant metastases is so high that it may negate any potentially 
curative benefit of regional surgery. The SLNB concept, again, offers an alternative 
approach to assess disease in the regional nodal basin. In a retrospective study of 131 
patients with thick melanoma, SLNB detected nodal disease in 39 % of the patients and 
this result provided essential prognostic information: compared with a positive SLNB, 
a negative SLNB was associated with 42 % and 35 % increases in 3-year disease-free 
and overall survival, respectively (Gershenwald et al., 2000b). Thus, as with thin T1 
melanomas, thick T4 melanomas also represent a prognostically very heterogeneous 
population. Currently, a clinically localized thick melanoma is an accepted indication 




Malignant melanoma in childhood is extremely rare, and therefore, the biology and 
natural history of melanoma in this age group are poorly understood (Mehregan and 
Mehregan, 1993). A particular problem is the persistent confusion of Spitz nevi with 
atypical features with melanoma and lack of specific criteria for their distinction 
(Barnhill et al., 1995). In recent years, despite only a limited number of reported cases, 




available data strongly support a role for SLNB in the identification of metastatic 
melanoma in pediatric and young patients (Livestro et al., 2007). In pediatric mela-
noma, SLNB has two special features. First, pediatric patients seem to have a higher 
sentinel positivity rate than adults yet have a lower incidence of recurrence (Roaten et 
al., 2005). Secondly, SLNB has been advocated as a diagnostic tool in distinguishing 
Spitz nevus-like malignant melanoma from atypical Spitz nevus; detection of mela-
noma cells in the sentinel node confirms the diagnosis of metastatic melanoma (Loh-
mann et al., 2002). However, there is also risk for more diagnostic confusion for a pa-
thologist, because the sentinel node may contain benign spitzoid nevus cells (Busam 
and Pulitzer, 2008). The treatment of pediatric melanoma is thus generally adminis-
tered on the basis of algorithms for adults. Currently, evidence of melanoma cells in 
sentinel nodes warrants offering a completion lymph node dissection (Downard et al., 





SLNB is underused in the elderly (Cormier et al., 2005). Higher age alone should not 
be a contraindication to SLNB. Even if the natural life expectancy is decreased among 
the elderly, the option for accurate staging and better local control are still valuable 
aims. Lymph node status is the most important prognostic factor in older patients, not 
age alone (Chang et al., 2003). SLNB is a minimally invasive and safe procedure, 
which can in most cases, be performed under local anaesthesia. Poor health is not a 
contraindication to SLNB in general, but if such a patient is sentinel-positive, the deci-
sion of the second stage CLND should be considered individually. After positive 
SLNB, there remains approximately a 20 % risk for nodal recurrence due to nonsenti-
nel metastases, and in some cases, that risk may be more preferable than the risk of 
operative mortality. However, age is also an independent prognostic factor for overall 
survival for patients with melanoma (Balch et al., 2001b). In addition, some other in-
dependent poor prognostic factors such as Breslow thickness, the presence of ulcera-
tion and male gender are significantly associated with increasing age (Chao et al., 
2004; Caracò et al., 2006). 




SLNB during pregnancy has not been systematically evaluated, but it is not considered 
as an absolute contraindication to SLNB. The estimated Tc99 dose to the fetus has 
been estimated to be low; the maximum dose of 4.3 mGy calculated for the worst-case 
scenario is well below the 50 mGy that is believed to be the threshold absorbed dose 
for adverse effects (Keleher et al., 2004). If melanoma is diagnosed during the first 
trimester and the radiocolloid injection site and the draining nodal basin are located in 
the pelvic region, there is no standard rule to guide the treatment decision. Some au-




thors advise not offering SLNB to women at the time of the most critical period of fetal 
organogenesis of less than 30 weeks gestation (Lloyd et al., 2004). 
 
Hypersensitivity to blue dye 
 
Some patients may carry a risk having a hypersensitivity or anaphylactic reaction to 
blue dye, a triphenylmethane dye, a well-known dye in the food industry. Such adverse 
reactions have been described as anecdotal studies (Beenen and Zuidewijn, 2005). 
Three decades ago, such reactions were common due to lymhangiography studies. At 
that time, a Finnish study group performed a prospective skin-prick testing on 435 pa-
tients undergoing lymphography and on 566 controls; positive reactions were seen in 
2.8 % of the lymphography patients and in 2.7 % of the controls (Kalimo et al., 1981). 
Only four patients with positive patent blue test had a history of adverse reactions to 
blue dye. Thus, the adverse reactions are usually unpredictable in SLNB. If such an 
allergy is known in advance, SLNB should be performed without blue dye. 
 
2.10 Lymph node dissection 
 
Elective lymph node dissection 
 
Historically, elective lymph node dissection (ELND) was developed for the surgical 
removal of an entire regional lymph node basin in patient with clinically localized 
(AJCC stage I-II) melanoma. In the pre-SLNB era, ELND was the only method to 
identify occult nodal micrometastases. However, four prospective randomized studies 
of ELND have not demonstrated any overall survival benefit (Veronesi et al., 1982; 
Sim et al., 1986; Cascinelli et al., 1998; Balch et al., 1996). Furthermore, the morbidity 
of ELND is substantial particularly considering that approximately 80 % of the patients 
cannot benefit from it because they have no nodal metastases. 
 
Completion lymph node dissection 
 
It should be stressed that completion lymph node dissection (CLND) is not the same 
procedure as ELND. Whereas ELND is a blind procedure, CLND is selective, because 
it is focused only on the specific lymph node basin, which is known to contain metasta-
sis. The purpose of CLND is to remove potential additional nodal metastases beyond 
the sentinel nodes. Many research groups have attempted to find such features that 
could predict the likelihood of further nodal involvement in CLND specimens. If the 
patient is sentinel-positive, the overall risk of nonsentinel metastases is between 15 % 
and 24 %; the factors predictive of tumour-positive nonsentinel lymph nodes have been 
found to be Breslow thickness, ulceration and the number of tumour-positive sentinel 
nodes and, particularly, their tumour burden (Reeves et al., 2003; Scolyer et al., 2004a; 
Lee et al., 2004; Cascinelli et al., 2006; Rossi et al., 2008). The density of paracortical 
dendritic leukocytes in the sentinel node, as an index of immune modulation, has also 




been evaluated to predict individuals likely to have a tumour in the nonsentinel nodes 
(Cochran et al., 2001; Cochran et al., 2004b; Cochran et al., 2006). Wong and co-
workers (2006b) examined the survival of 134 melanoma patients who did not undergo 
CLND after positive SLNB; there was a nodal recurrence rate of 15 % at a median fol-
low-up of 20 months, a similar to rate of nonsentinel node involvement in a contempo-
rary cohort of patients who underwent CLND after positive SLNB. 
 
2.11 Adjuvant treatment 
 
To date, no adjuvant therapy has resulted in significant improvement in long-term 
overall survival in melanoma patients (Vihinen et al., 2003; Shah and Chapman, 2007). 
Only one adjuvant therapy has stood the test of time: high dose interferon-α (IFNα) has 
been shown to increase disease-free survival (DFS) in patients with high-risk mela-
noma and it is the only adjuvant treatment approved by the U.S. Food and Drug Ad-
ministration (FDA) (Kirkwood et al. 1996, 2000, 2001, 2004). A meta-analysis com-
prising twelve IFNα trials confirmed the reductions in recurrence, about 10 % at five 
years, but it is unclear whether this translates into significant differences in overall sur-
vival (Wheatley et al., 2003). A recent study on 486 patients with AJCC stage III 
melanoma found that in multivariate analysis, IFNα increased DFS only in patients 
with stage IIIA disease, not in patients with stage IIIB or stage IIIC  disease (Anaya et 
al., 2008). This study was a retrospective analysis but it nevertheless demonstrates 
clearly that the SLNB technique is needed for accurate nodal staging in adjuvant ther-
apy trials. However, taken together, adjuvant IFNα therapy should not be considered 
standard care for patients with melanoma (Lens, 2006). 
 
Melanoma has historically been considered to be relatively radio-resistent and there-
fore the mainstay of treatment has been surgery. Adjuvant radiotherapy is not routinely 
indicated in patients with localized stage I-II or micrometastatic stage III melanoma but 
rarely, in selected cases, postoperative radiotherapy may improve locoregional control; 
this would include patients at high risk for disease recurrence after surgery such as pa-
tients with positive surgical margins at the primary site who are not suitable for reexci-
sion as well as those with multiple positive lymph nodes or extensive extracapsular 
extension after CLND (Mendenhall et al., 2008; Burmeister et al., 2006; Ballo et al., 
2003). 
2.12 Positron emission tomography 
 
Otto Warburg (1883-1970), a German cell biologist and Nobel laureate, found that rap-
idly dividing tumour cancer cells have a higher rate of glucose utilization than normal 
tissues. This is due primarily to the increased activity of glucose membrane transport-
ers, intracellular hexokinase, phosphofructokinase, and pyruvate dehydrogenase (War-
burg et al., 1930). In cancer cells, the increased utilization of glucose is associated with 
an accumulation of 2-deoxyglucose, a molecule structurally analogous to glucose. 2-




deoxyglucose is phosphorylated and cannot be further metabolized and therefore be-
comes trapped. When labelled by radioisotope, 2-deoxyglucose has been shown to ac-
cumulate in tumours to such an extent as to allow imaging. Thus, such an imaging is 
based on abnormal cellular metabolic activity rather than on anatomical structural 
changes. 
 
Whole body positron emission tomography (PET) is a non-invasive, high-resolution 
molecular imaging that can detect metastases of malignancies based on abnormal cellu-
lar glucose uptake. PET was developed in the early 1970s soon after CT and at about 
the same time as MRI (Phelps et al., 1975). The radiopharmaceutical that has had the 
most impact on clinical PET imaging is [18F] fluorodeoxyglucose (FDG), which was 
first described in the late 1970s (Gallagher et al., 1978). FDG is a non-specific meta-
bolic agent that reflects increased glucose metabolism regardless of the underlying 
cause. Therefore, it can be concentrated in any cell with increased glucose utilization 
(Lindholm et al., 1993). Gritters and co-workers (1993) imaged patients with mela-
noma in their initial study and found a 92 % sensitivity and 100 % specificity in the 
detection of lymph node and visceral metastases. Several investigators have reported 
that FDG PET is more sensitive and specific than conventional imaging studies, such 
as CT, in detecting melanoma metastases (Rinne et al., 1998; Holder et al., 1998; Swet-
ter et al., 2002; Brady et al., 2006). A systematic review showed that the overall sensi-
tivity and specificity of FDG PET were 74 % to 100 % and 67 % to 100 %, respec-
tively (Prichard et al., 2002). 
2.13 Surgical management of recurrent melanoma 
 
Recurrent melanoma can occur in almost every organ and tissue in the body. The type 
of first recurrence may be local or intransit (21 % to 23 %), regional nodal (34 % to  
56 %) or direct distant (22 % to 44 %) (Dicker et al., 1999; Francken et al., 2008; 
Meier et al., 2002). This kind of distribution, however, is mainly based on historical 
patient populations from the pre-SLNB era. In the past, the regional lymph node basin 
was the most common site of first recurrence in the orderly progression of cutaneous 
melanoma and the most common surgical management of recurrent melanoma was 
lymph node dissection. However, SLNB changes the pattern of recurrence and reduces 
the rate of nodal recurrence (Gershenwald et al., 2000a; Statius Müller et al., 2002; 
Fincher et al., 2003; Gutzmer et al., 2005). The site of the first recurrence is an impor-
tant predictor of survival (Allen and Coit, 2002). Patients undergoing excision of local 
recurrence or therapeutic lymph node dissection due to a recurrent stage III disease 
have a better prognosis than those whose disease recurs at distant sites. Most patients 
with recurrent stage IV disease are not candidates for surgery and are treated with 
chemotherapy, immunotherapy, or radiotherapy. Once melanoma has metastasized to 
distant sites, median survival is 7 to 8 months and 5-year survival rate is less than 5 % 
(Essner et al., 2004). Of the modalities of therapy given, only radical surgery can sig-
nificantly prolong survival (Brand et al., 1997; Ollila et al., 1999b). 




3 AIMS OF THE STUDY 
 
 
The aim of this study was to investigate the utility of sentinel lymph node biopsy and 
whole body positron emission tomography in the detection of occult metastases in pa-
tients with cutaneous melanoma. 
 
The specific aims of this study were as follows: 
 
I To investigate the changes in surgical management and prognosis in patients 
with clinical stage I–II cutaneous melanoma in South-Western Finland be-
tween 1983 and 2007. 
 
II To compare the results of sentinel lymph node biopsy and immediate comple-
tion lymphadenectomy to the results of observation and delayed lymphadenec-
tomy in patients with clinical stage I–II melanoma. 
 
III To investigate the utility of sentinel lymph node biopsy in patients with thin T1 
melanoma and to evaluate prognostic factors which could sensitively predict 
the sentinel node status in this population. 
 
IV To investigate the utility of sentinel lymph node biopsy in patients with head 
and neck melanoma.  
 
V After sentinel lymph node biopsy, to investigate the utility of whole body posi-
tron emission tomography in detecting occult metastases in patients with AJCC 





Patients and Methods 
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4 PATIENTS AND METHODS 
4.1 Patients 
 
Study I (Surgical treatment and prognosis) 
This series comprised 1255 patients with clinical stage I–II invasive cutaneous mela-
noma (T1-T4N0M0) operated on in Turku University Hospital between 1983 and 
2007. Medical records of 921 patients operated on between 1983 and 2001 were stud-
ied retrospectively. From 2001 to 2007, 334 patients undergoing SLNB were enrolled 
onto a prospective database. All of the 1255 patients had been followed up at the De-
partment of Oncology and Radiotherapy at Turku University Hospital or at Satakunta 
Central Hospital. The most recent follow-up information of the patients was updated 
from the electronic patient records of Turku University Hospital or from the medical 
records of the Satakunta Central Hospital. The final follow-up date of each patient was 
defined as the date of the most recent hospital call or the date of death. The cause and 
time of death were obtained from patient records, autopsy reports or from Statistics 
Finland´s Archive of Death Certificates. 
 
Study II (Sentinel lymph node biopsy) 
This was a case-control study with ratio of 1:2 with the aim of comparing 305 patients 
who underwent SLNB with 616 historic control patients who had not undergone any 
invasive nodal staging. All patients had clinical stage I–II invasive melanoma (T1-
T4N0M0). Patients who had undergone ELND or who had a primary lesion with unde-
termined Breslow thickness were not included in the control group. The follow-up data 
were obtained as described in Study I. 
 
Study III (Thin melanoma) 
To investigate the utility of SLNB in thin melanoma, we analyzed a subgroup of 155 
patients with thin melanoma (T1N0M0). The follow-up data were obtained as de-
scribed in Study I. 
 
Study IV (Head and neck melanoma) 
To investigate the utility of SLNB in head and neck melanoma, we analyzed a sub-
group of 146 patients with head and neck melanoma; 121 historic control patients and 
25 patients who had undergone SLNB. Of the 121 controls, 29 patients had undergone 
ELND and 92 patients had not undergone any invasive nodal staging at the time of ini-
tial surgery. Only patients with a primary lesion with a Breslow thickness of over 1.0 
mm were included (T2-T4N0M0). The follow-up data were obtained as described in 
Study I. 
 
Study V (FDG PET) 
To investigate the utility of whole body FDG PET, we prospectively enrolled 30 volun-
tary postoperative patients with stage IIB–IIIC melanoma. The patients were selected 
consecutively from the prospective melanoma database of SLNB patients. Each patient 




had undergone lymphatic mapping with an attempt for SLNB; 15 patients had positive 
sentinel nodes (Stage III, T1-T4N1-N2M0) and 15 patients had either negative sentinel 
nodes or unsuccessful lymphatic mapping (stage IIB-IIC, T3b-T4bN0M0). All patients 
were free of any clinical signs of disease at the time of study inclusion. None of the 
patients refused to participate in the study. A whole body FDG PET scanning was per-
formed between 6 and 24 months after the primary surgery, independently from the 
regular follow-up schedule. The follow-up data were obtained as described in Study I. 
 
The patients of Studies I-V are summarized in Table 3. 
 
Table 3. Number of the patients of Studies I-V 
 


















921 616 - 121 - 
Total 1255 921 155 146 30 
 
4.2 Methods 
4.2.1 Management of the primary lesion 
 
After the histological confirmation of invasive melanoma, the primary melanoma or 
the biopsy scar was excised according to the thickness and anatomic location of the 
melanoma. The wound was closed directly, by the use of a local flap, by skin grafting 
or by digital amputation or ear lobe resection. 
4.2.2 Sentinel lymph node biopsy 
 
A total of 334 patients underwent lymphatic mapping before the surgical procedure. 
Technetium-99m-labeled colloidal albumin (Albures®, from October 2001 to August 
2004; Nanocoll®, from August 2004 to February 2007) was injected intradermally at 
two to four points at the margins of the primary melanoma or the biopsy scar. The 
injected dose was approximately 70 MBq in the volume of 0.2 to 0.3 ml. After 20 
minutes to 2 hours, static images (40 kcts/image) were obtained with the gamma cam-
era to visualize radioactive lymph nodes in different projections (anterior, lateral, 
oblique and posterior if needed). The sentinel node sites were marked on the skin of 




the patient. After lymphoscintigraphy, SLNB was performed within 20 hours at the 
same time with the excision of the primary lesion or the biopsy scar.  For the localiza-
tion of the sentinel node a preoperative blue dye injection (Patent blue V) and intraop-
erative use of a gamma detecting probe (Navigator GPS, Tyco Health Care, Norwalk, 
CT, U.S.A.) were used. All bluestained and radioactive lymph nodes were excised. 
The lymph node was regarded as a sentinel node if the ex vivo count exceeded 10 % 
of the count of the most radioactive node or if it was blue. 
 
Excised and formalin-fixed sentinel nodes were first cut coarsely into slices; the slices 
were embedded in paraffin, sectioned and stained with hematoxylin and eosin (HE). If 
no metastatic melanoma cells were identified in the HE-stained sections, further sec-
tions were cut and immunohistochemical staining with Melan-A and/or S-100 or anti-
bodies was performed. The tumour burden of each micrometastasis was classified by 
Starz’s centripetal thickness, i.e. tumour penetrative depth of the metastatic deposits 
(d), measured as the maximum distance of the tumour cells from the interior margin 
of the lymph node capsule. 
 
The S-classification was determined for each patient: 
S0 no micrometastasis 
SI  d ≤ 0.3mm 
SII 0.3mm < d ≤ 1.0mm 
SIII d > 1.0mm 
 
Patients who were found to have micrometastasis in their sentinel nodes underwent 
completion lymph node dissection (CLND) of the entire regional nodal basin within 2-
3 weeks. If the metastatic sentinel node was located only on an intransit field, the need 
for CLND was considered individually. The sentinel-positive patients, who had mela-
noma in the head and neck region, underwent selective, modified radical or radical 
neck dissection. 
 
Management of lymph nodes in the control group 
 
In the retrospectively collected control group, no invasive nodal staging had been per-
formed on 710 patients (Studies I, II, IV) whereas elective lymph node dissection had 
been performed on 211 patients (Studies I, IV) at the same time with the excision of 
the primary melanoma or the biopsy scar. If nodal recurrence occurred during the fol-
low-up, a therapeutic lymph node dissection had been performed in most cases if no 
distant metastases were present. 
4.2.3 Positron emission tomography 
 
Whole body FDG PET scanning was performed 7–24 months after the primary sur-
gery, independently from the regular follow-up schedule. Computed tomography (CT) 
and physical examination were performed concurrently with FDG PET and the median 




interval between FDG PET and CT was 35 days (range, 1–145 days), and CT was per-
formed prior to FDG PET in most cases. The last three scans were performed with the 
new PET/CT hybrid camera. A CT scan covered the same body level as FDG PET in 
each case. Patients fasted at least 6 hours before entering Turku PET Centre, where all 
studies were performed. The imaging device was a GE Advance (General Electric 
Medical Systems, Milwaukee, WI, U.S.A.) or CTI ECAT HR+ (Siemens Medical Sys-
tems, Knoxville, TN, U.S.A.) PET scanner which both operated in 2D mode. The GE 
Advance and HR+ scanners consist of 18 and 32 rings of bismuth germanate detectors 
(BGO) yielding 35 and 63 transverse slices spaced by 4.25 mm and 2.46 mm, respec-
tively. The imaging field of view is 55 cm in diameter in both scanners and 15,2 cm 
(GE Advance) and 15.5 cm (HR+) in axial length.  A bolus of approximately 370 MBq 
of FDG was injected through a venous catheter which was flushed with saline after 
tracer injection. Blood glucose was evaluated routinely with HaemoGlucotest®. After a 
waiting period when physical activity was minimized the patients were placed supine 
on a scanner couch with arms downwards. Static PET imaging covering the entire body 
in case of lower extremity primary or the upper torso from eyebrows to mid thighs in 
case of  abdominal, thoracic, head and neck, and upper extremity primaries started 50 
min after FDG injection (5 minutes emission scan/position). To correct for photon at-
tenuation a 2 min post-emission transmission scan was performed with robotically op-
erated 68Ge rods. Image analysis was performed by a certified nuclear medicine physi-
cian with experience in FDG PET. All images were analyzed visually and any abnor-
mal focal FDG activity was considered as positive for tumour if physiologic uptake 
could be ruled out.  In challenging cases, consensus reading was performed by two 
physicians and only lesions deemed as suspicious for tumour were classified as posi-
tive. Anatomical reference CT images were used to define the exact site of pathologic 
accumulation before final scan interpretation. 
4.2.4 Follow-up 
 
All patients were referred for further follow-up to the Department of Oncology and 
Radiotherapy, Turku University Hospital.  No routine adjuvant therapy was used. The 
regular follow-up schedule consisted of initial staging by whole body computed tomo-
graphy and clinical examination every 3-6 months during the first five years. Routine 
chest-X-ray and blood tests including liver chemistry were performed annually. Recur-
rence was defined according to the site of the first recurrence. Local and intransit re-
currences were defined as locoregional recurrences and were distinguished from re-
gional nodal recurrences. If distant dissemination was detected within four weeks after 
locoregional or nodal recurrence, the recurrence was coded as distant. Most patients 
with recurrent and inoperable stage IV disease received chemotherapy and recombi-
nant IFNα and/or radiotherapy. 





4.2.5 Statistical analyses 
 
Categorical variables were analyzed by the χ2-square test and continuous data by Stu-
dent’s T test or by non-parametric Mann-Whitney’s U test. Disease recurrence and 
disease-specific survival curves were constructed by the Kaplan-Meier method and 
group differences were analyzed by the log rank test. The ticks along the curves in the 
survival plots represent censored observations. Deaths from other causes or unknown 
outcome were categorized as censored observations. Univariate and multivariate sur-
vival analyses were performed using Cox’s proportional hazards regression model. 
Results were quantified using hazard ratios (HR) with their 95 % confidence intervals 
(CI). The starting point for all survival analyses was the initial melanoma treatment. A 
p value of less than 0.05 was considered statistically significant. Statistical analyses 






5.1 Study I (Surgical treatment and prognosis) 
 
Of the 1255 patients, 605 (48.2 %) were male and 650 (51.8 %) were female. Patient 
characteristics between the sexes are summarized in Table 4. 
  
   Table 4. Clinical and histopathological characteristics of the study patients  
 
 All patients 
(n=1255) 
Gender 
Male (n=605) Female (n=650) 
Age, years    
     median 59 59 58 
     mean 57.6 57.8 57.4 
     range 10-92 10-92 11-92 
Anatomic location (%)    
     trunk 525 (41.4) 343 (56.7) 182 (28.0) 
     upper extrmities 237 (18.9) 102 (16.9) 135 (20.8) 
     lower extremities 295 (23.5)   73 (12.1) 222 (34.2) 
     head and neck 198 (15.8)   87 (14.4) 111 (17.1) 
Breslow (mm)    
     median 1.2 1.5 1.1 
     mean 2.1 2.3 1.9 
     range 0.1-20.0 0.1-20.0 0.1-15.0 
Clark level (%)    
     II 336 (27.7) 146 (25.0) 190 (30.1) 
     III 508 (41.8) 259 (44.3) 249 (39.5) 
     IV 310 (25.5) 154 (26.4) 156 (24.7) 
     V   61 (5.0)   25 (4.3)   36 (5.7) 
Ulceration present (%) 268 (21.4) 161 (26.7) 107 (16.5) 
AJCC stage (%)    
     IA 424 (38.6) 169 (32.3) 255 (44.4) 
     IB 262 (23.9) 125 (23.9) 137 (23.9) 
     IIA 148 (13.5)   77 (14.7)   71 (12.4) 
     IIB 129 (11.7)   72 (13.7)   57 (9.9) 
     IIC   58 (5.3)   33 (6.3)   25 (4.4) 
     III   77 (7.0)   48 (9.2)   29 (5.1) 
 
AJCC, American Joint Committee on Cancer (given if Breslow depth determined) 






The mean follow-up time of the entire population was 6.7 years (median, 5.0 years; 
range, 0.1–24.2 years). During the follow-up, there was recurrent disease in 281 pa-
tients (22.4 %). The mean disease-free time was 33 months (median, 19 months; range, 
0.2–19.3 years). Of the recurrences, 14 % were of local or intransit, 41 % were of 
nodal, and 41 % were of distant type, defined as the first site of recurrence. A new pri-
mary melanoma was detected in 14 patients (1.1 %). Most of the recurrences were 
treated by chemotherapy, interferon or radiotherapy. 157 patients were operated due to 
recurrent melanoma: 86 patients with recurrence of regional lymph nodes, 41 patients 
with recurrence of skin or soft tissue, 11 patients with pulmonary metastasis, 7 patients 
with brain metastasis, and 3 patients with intra-abdominal metastases. In 1255 study 
patients, there were 222 melanoma-related deaths (17.7 %) and 191 melanoma-
unrelated deaths (15.2 %).The mean time to death after the first recurrence was 18 
months (median, 10 months). According to time-dependent survival analysis, the dis-
ease-specific overall survival rate was 84.4 % at five years and 76.6 % at ten years. 
There was a significant difference between sexes (p<0,001): the disease-specific over-
all survival rate at five years was 79.9 % in male and 88.8 % in female; the correspond-
ing rates at ten years were 68.9 % and 83.9 %, respectively (Figure 9). The distribution 
of AJCC stages between sexes is presented in Figure 10. Breslow thickness was a sta-
tistically significant predictor for disease-specific death. At ten years, the melanoma-
specific OS rate was 94.5 % in T1 lesions, 73.8 % in T2 lesions, 67.0 % in T3 lesions, 
and 41.0 % in T4 lesions (Figure 11). 
 
Figure 9. Melanoma-specific overall survival between sexes. 






Figure 10. Distribution of AJCC stages between sexes. 




Figure 11. Melanoma-specific overall survival according to the tumour depth. 
(Reprinted with the permission of the copyright holders) 
 
The study population was divided into three time periods according to the time point of 
diagnosis: 1983–1992 (460 retrospective patients), 1992–2001 (461 retrospective pa-
tients), and 2001–2007 (334 prospective patients including all SLNB patients). The 














Median age, years 57 59 60 NS 
Breslow thickness, mm    NS 
     median 1.4 1.4 1.1  
     mean 2.1 2.1 2.0  
Width of excision margin, cm    <0.001 
     median 4.0 2.0 1.5  
     mean 3.9 2.2 1.5  
Reconstruction (%)     
     direct closure 123 (26.7) 218 (47.3) 248 (74.3)  
     local flap 124 (27.0) 119 (25.8) 48 (14.4)  
     skin grafting 188 (40.9) 111 (24.1)  31 (9.3)  
     other (e.g. digital amputa-
tion) 
15 (3.3) 7 (1.5) 7 (2.1)  
Lymph node surgery (%)     
     ELND 173 (37.6) 38 (8.2) 0  
     SLNB / CLND 1 0 0 328 (97.3)  
     TLND 33 (7.2) 51 (11.1) 4 (1.2)  
Median follow-up time, years 10.8 5.6 2.1  
Locoregional recurrence (%) 11 (2.4) 16 (3.4) 6 (1.8) NS 
Nodal recurrence (%) 53 (11.5) 62 (13.4) 6 (1.8) <0.001 
Melanoma-specific OS rate 2     
     at   3 years 90.4 % 86.2 % 93.2 % 3  
     at   5 years 86.1 % 81.7 % -  
     at 10 years 79.9 % 71.2 % -  
     at 20 years 68.5 % - -  
 
ELND, elective (immediate) lymph node dissection. SLNB, sentinel lymph node biopsy. 
CLND, completion (immediate) lymph node dissection. TLND, therapeutic (delayed) lymph 
node dissection. OS, overall survival. NS, not significant. 
1 54 patients underwent CLND due to positive sentinel node 
2 Log rank test; A vs. B significant (p = 0.014), A vs. C not significant, B vs. C not significant. 
3 104 patients remaining in the SLNB group at 3 years. 
 
In disease-specific overall survival, there was a significant difference between patients 
operated 1983–1992 and 1992–2001 according to the log rank test. When the same com-
parison was performed between the subgroups according to the lymph node operation 
(SLNB vs. ELND vs. observation), there were no significant differences in disease-
specific overall survival, disease-free survival, locoregional disease-free survival or dis-
tant disease-free survival. Only in nodal disease-free survival, was there a significant dif-
ference between SLNB and ELND (log rank test, p=0.01) and between SLNB and ob-
servation (log rank test, p<0.001). There was no significant difference between ELND 
and observation in terms of nodal disease-free survival. The Cox proportional hazard 





Table 6. Cox’s proportional hazard model of clinical and pathological factors for mela-




              Univariate Multivariate 
HR (95 % CI) P a HR (95 % CI)  P a 
Gender     
       Female 1.00  1.00  
       Male 1.90 (1.45-2.49) < 0.001 1.58 (1.12-2.25) 0.010 
Age, years    
       - 44 1.00  1.00  
       45-59 1.50 (0.96-2.37) NS 1.40 (0.80-2.44) NS 
       60-74 2.49 (1.65-3.76) < 0.001 2.14 (1.28-3.55) 0.003 
       75- 4.08 (2.57-6.47) < 0.001 2.70 (1.52-4.82) 0.001 
Primary tumour site     
       Trunk 1.00  1.00  
       Upper extremity 0.63 (0.41-0.96) 0.032 0.84 (0.52-1.36) NS 
       Lower extremity 0.83 (0.59-1.17) NS 1.00 (0.65-1.54) NS 
       Head and neck 1.50 (1.06-2.11) 0.020 0.92 (0.57-1.48) NS 
Tumour thickness     
       ≤ 1.00 mm 1.00  1.00  
       1.01 – 2.00 mm 5.06 (2.92-8.77) < 0.001 3.86 (2.01-7.40) < 0.001 
       2.01 – 4.00 mm 7.03 (4,03-12.26) < 0.001 4.36 (2.16-8.80) < 0.001 
       > 4.00 mm 19.91 (11.62-34.14) < 0.001 9.20 (4.37-19.36) < 0.001 
Clark level     
       II 1.00  1.00  
       III 3.92 (2.26-6.79) < 0.001 1.40 (0.69-2.86) NS 
       IV 7.54 (4.34-13.09) < 0.001 1.39 (0.65-2.99) NS 
       V 26.52 (14.10-49.88) < 0.001 2.95 (1.18-7.40) 0.21 
Ulceration present 2.71 (2.06-3.56) < 0.001 1.36 (0.97-1.91) 0.07 (NS) 
 











5.2 Study II (Sentinel lymph node biopsy) 
 
Sentinel lymph node biopsy 
 
Of 305 patients, sentinel lymph node identification and biopsy were successful in 297 
patients (97.4 %). In eight patients (2.6 %), the lymphoscintigraphy did not reveal any 
sentinel nodes. A total of 718 sentinel lymph nodes were excised (mean, 2.4 per pa-
tient). Histopathologically, 50 patients (16.4 %) had metastases in the sentinel nodes 
(sentinel-positive) and 247 patients (81.0 %) did not (sentinel-negative). A total of 49 
of the sentinel node-positive patients underwent CLND and 9 of them (18 %) had ad-
ditional micrometastases in the nonsentinel lymph nodes. There were 15 patients with 
a micrometastasis only in a single sentinel node (30 % of sentinel-positive patients). 
During follow-up there were five same-basin nodal recurrences after SLNB, which 
yielded a failure rate of 1.6 %, a false negative rate of 9.1 %, a sensitivity of 90.9 %, 
and a negative predictive value of 98.0 %. All nodal recurrences occurred in sentinel-
negative patients. None of the micrometastases was regarded as falsely positive. 
 
According to the AJCC classification of tumour thickness, 5 sentinel-positive patients 
(3.5 %) were of category T1 (≤ 1.00 mm), 12 (17.1 %) of category T2 (1.01 mm to 
2.00 mm), 17 (31.5 %) of category T3 (2.01 mm to 4.00 mm) and 16 (37.1 %) of cate-
gory T4 (> 4.00 mm). 
 
The tumour burden of each micrometastasis was classified by Starz’s centripetal thick-
ness, i.e. tumour penetrative depth of the metastatic deposits (d), measured as the 
maximum distance of the tumour cells from the interior margin of the lymph node cap-
sule. The S-classification was S0 (no micrometastasis) in 255 patients, SI (d ≤ 0.3mm) 
in 9 patients, SII (0.3mm < d ≤ 1.0mm) in 16 patients and SIII (d > 1.0mm) in 24 pa-
tients. In one patient, the S-level was undetermined. 
 
Comparison between study groups 
 
Patient characteristics are compared in Table 7. The median follow-up was 16 months 
in the SLNB group (mean, 21 months; range, 2–63 months) and 74 months in the con-
trol group (mean, 87 months; range, 2–281 months) including censored cases. The fol-









Characteristic SLNB (n=305) Control (n=616) P  
 
Age, years 
   
0.085 a 
          Median 60 58  
          Mean 59.6 57.7  
          Range 11-91 16-92  
Gender, n (%)   0.671 b 
          Male 145 (47.5) 302 (49.0)  
          Female 160 (52.5) 314 (51.0)  
Primary tumour site, n (%)   0.093 b 
          Trunk 142 (46.6) 270 (43.8)  
          Upper extremity 63 (20.7) 105 (17.0)  
          Lower extremity 65 (21.3) 134 (21.8)  
          Head and neck 35 (11.5) 107 (17.4)  
Tumour thickness   0.897 c 
          Median, mm 1.1 1.2  
          Mean, mm 2.0 2.0  
          Range, mm 0.1-18.0 0.1-15.0  
          ≤ 1,00mm, n (%) 141 (46.2) 292 (47.4)  
          1,01-2,00mm, n (%) 70 (23.0) 154 (25.0)  
          2,01-4,00mm, n (%) 54 (17.7) 95 (15.4)  
          > 4,00 mm, n (%) 35 (11.5) 75 (12.2)  
          Undetermined, n 5 0  
Clark level, n (%)   0.001 b 
          II 67 (22.0) 208 (33.8)  
          III 131 (43.0) 252 (40.7)  
          IV 86 (28.2) 120 (19.5)  
          V 17 (5.6) 25 (4.2)  
          Unknown 4 (1.3) 11 (1.8)  
Ulceration, n (%)   0.065 a 
          Present 75 (24.6) 119 (19.3)  



















 a Percentage of recurrences. 
 
There were no statistically significant differences in melanoma-specific overall sur-
vival (OS) (Figure 12A) or disease-free survival (DFS) (Figure 12B) when using Kap-
lan-Meier analysis. At 5 years, the melanoma-specific OS was 87.8 % in the SLNB 
group and 85.2 % in the control group (hazard ratio, 0.88; 95 % CI, 0.49-1.56; p = 
0.66); the corresponding DFS was 85.1 % in the SLNB group and 79.0 % in the con-
trol group and (hazard ratio, 0.84; 95 % CI, 0.55-1.28; p = 0.415). 
  
Figure 12. A. Melanoma-specific overall survival between the study groups. B. Disease-free 






Recurrences, n (%) a 
  
          Locoregional 8 (26.7) 18 (11.2) 
          Nodal 5 (16.7) 72 (45.0) 
          Distant 14 (46.7) 61 (38.1) 
          New primary melanoma 3 (10.0) 9 (5.6) 
          Total 30 160 
Surgery after recurrence, n (%)   
          Local excision 9 (3.0) 17 (2.8) 
          Lymph node dissection 4 (1.3) 67 (10.9) 
          Distant metastasectomy 1 (0.3) 18 (2.9) 
Death, n (%)   
          Melanoma-related 14 (4.6) 119 (19.3) 
          Melanoma-unrelated 14 (4.6) 118 (19.2) 








There were no significant differences in locoregional DFS between the groups (Figure 
13A), but the nodal DFS was significantly higher among the SLNB group than among 
the controls (Figure 13B). The first recurrence type was nodal in 72 patients (45 % of 
all recurrences) in the control group and in five patients (17 %) in the SLNB-group. In 
the control group, 67 patients (11 %) had undergone TLND as a result of nodal recur-
rence and the median time from the initial surgery to the delayed lymphadenectomy 
was 14.7 months (mean, 23.2 months; range, 2.5–86.2 months). 
  
Figure 13. A. Locoregional disease-free survival between the study groups. B. Nodal 
disease-free survival between the study groups.  
(Reprinted with the permission of the copyright holders) 
 
There was a statistically significant difference regarding the disease-specific OS be-
tween sentinel-positive and sentinel-negative patients and the controls when using log 
rank analysis (Figure 14A). The differences in melanoma-specific OS between the S-
subcategories according to the tumour burden of the micrometastases were also statis-
tically significant (Figure 14B). The control patients had better OS than SII–SIII pa-
tients, but worse survival than S0–SI patients. 
  
 
Figure 14. A. Melanoma-specific overall survival according to the sentinel node status.  









Figure 15. Melanoma-specific overall survival between 55 node-positive SLNB pa-
tients and node-positive 72 control patients (patients with nodal recurrences). 
 
A stratified Kaplan-Meier analysis was performed between 55 node-positive SLNB 
patients (false-negative cases included) and 72 control patients, who had undergone 
delayed lymph node dissection due to nodal relapse. In the log rank test, there was no 
statistically significant difference between these subgroups (Figure 15). 
 
5.3 Study III (Thin melanoma) 
 
Of the 334 patients who underwent SLNB, 155 (46 %) had thin (T1) primary mela-
noma, i.e. lesion of ≤ 1.0 mm in Breslow depth. Seven patients with a thin primary 
melanoma had a micrometastasis in their sentinel nodes constituting 4.5 % of all T1-
patients and 12.5 % of all sentinel-positive patients. The characteristics of these pa-







Table 9. Characteristics of seven sentinel-positive patients with thin melanoma 
 
Patient Nr 1 2 3 4 5 6 7 
        
Gender male male female male female female female 
Age, years 57 55 43 41 79 52 25 
Location of 
melanoma 










0.9 0.5 0.5 0.5 1.0 1.0 0.9 
Clark level III II III III III IV III 
Ulceration present absent absent absent absent absent absent 
















Regression absent absent absent absent absent absent absent 
Lympho-
vascular   
invasion 
absent absent absent absent absent absent absent 
Mitotic rate / 
10 HPF 
1 1 2 1 9 1 5 
Microsatel-
lites 
absent absent absent absent absent absent absent 
Location of 
sentinel nodes 




1 1 1 1 3 1 1 
d, mm 0.7 0.3 1.1 0.1 0.7 0.2 0.2 
Follow-up, 
years 

















HPF, high power field 
d, Tumour penetrative thickness of the micrometastasis under the capsule of the sentinel node. 






5.4 Study IV (Head and neck melanoma) 
 
A total of 146 patients with head and neck (H&N) melanoma were evaluated in this 
study. There were 69 male (47 %) and 77 female (53 %). The median age of the pa-
tients was 72 years (mean, 67 years; range, 10–92 years). The median Breslow depth 
was 3.0 mm (mean, 3.6 mm; range, 1.1–20.0 mm). The primary lesion was located in 
the face in 83 patients (57 %), in the scalp in 20 patients (14 %), in the ear in 21 pa-
tients (14 %), and in the neck in 22 patients (15 %). The wound was closed directly in 
55 patients (38 %), by the use of a local flap in 70 patients (48 %), and by skin grafting 




Of the 146 patients, 25 underwent SLNB. Four patients were sentinel-positive (16 %) 
and 18 patients were sentinel-negative (72 %). Lymphatic mapping was unsuccessful 
and no sentinel nodes were indentified in three patients (12 %). A total of 48 sentinel 
nodes were excised. The distribution of the excised sentinel nodes between regional 
nodal basins, according to the location of the primary lesion, is presented in Table 10. 
In six patients, sentinel nodes were excised from the parotid gland and an intraparotid 
micrometastasis was found in one patient. This patient underwent subsequent superfi-
cial parotidectomy and a selective neck dissection of levels II–III in the second stage 
operation. 
 
Table 10. Distribution of sentinel nodes according to the location of the primary lesion 
in 25 SLNB patients (n = number of sentinel nodes) 
 
 I II III IV V VI Parotis Retroauricular Other Total 
Face 0 13 0 2 0 0 5 0 0 20 
Scalp 0   2 2 0 3 0 0 7 0 14 
Ear 0   7 0 0 0 0 0 0 0   7 
Neck 0   0 3 2 0 0 1 0 1   7 
Total 0 22 5 4 3 0 6 7 1 48 




Of the 146 patients, 29 had undergone ELND. Nodal micrometastases were detected in 








During follow-up, there was one nodal recurrence in the SLNB group; this patient was 
initially sentinel-positive and additional nonsentinel metastases were also detected in 
the subsequent neck dissection. There were no false negative results of SLNB. In the 
ELND group, there were six nodal recurrences, of which two patients were node-
positive and four patients node-negative, i.e. false negative results of ELND. In the 
entire cohort, nodal involvement, including both initial micrometastases and clinically 
detected late recurrences, was detected in a total of 37 nodal basins. The distribution of 
all metastatic nodal basins according to the location of the primary lesion is presented 
in Table 11. 
 
Table 11. Distribution of metastatic lymph node basins according to the location of 
primary lesion in the entire study cohort of 146 patients (n = number of metastatic 
nodal basins) 
 
 I  II III IV V VI Parotis Retroauricular Other Total 
Face 0   8 0 0 0 0 4 0 0 12  
Scalp 0   3 1 2 1 0 4 3 1 15  
Ear 0   3 0 0 0 0 0 0 1   4 
Neck 0   1 0 2 0 0 0 0 3   6  
Total 0 22 1 4 1 0 8 3 5 37 




The median follow-up time was 27 months in the SLNB group (range, 8–65 months), 
38 months in the ELND group (range, 6–218 months), and 46 months in the observa-
tion group (range, 1–260 months). In the SLNB group, there were 7 recurrences (28 %) 
in 25 patients: 3 of local, 1 of nodal and 3 of distant type. In the ELND group there 
were 11 recurrences (38 % of the ELND patients): 1 of local, 6 of nodal and 4 of dis-
tant type. In the observation group there were 35 recurrences (38 % of the observation 
group patients): 3 of local, 11 of nodal and 12 of distant type. The number of mela-
noma-related deaths was 3 in the SLNB group (12 %), 9 in the ELND group (31 %) 
and 33 in the observation group (36 %).  
 
Using Kaplan-Meier analysis, the disease-specific OS was 67.1 % at 5 years and  
61.9 % at 10 years for the entire H&N melanoma group. There was a significant differ-
ence between sexes: the male were associated with a significantly worse prognosis than 
the female. At 5 years, the disease-specific survival rate was 59.2 % in male and  





in female The Kaplan-Meier analysis by anatomic subsites indicate that patients with 
scalp melanomas had worse disease-specific OS rates compared with patients with 
face, neck and ear melanomas (Figure 16). In contrast, there were no statistically sig-
nificant differences between the treatment groups (SLNB vs. ELND vs. observation). 
 
Figure 16. Melanoma-specific overall survival according to the anatomic location. 
(Reprinted with the permission of the copyright holders) 
5.5 Study V (Positron emission tomography) 
 
Among the 30 patients who underwent whole body FDG PET, there were originally 
seven recurrences (23 %). Six (20 %) of them were detected by FDG PET and one pa-
tient presented with a negative finding at the first scanning, but positive finding in a 
repeated scan after manifestation of palpable mass in the axilla. This case is regarded 
as a false negative while six others were true positive on baseline FDG PET. The anat-
omic localisation of metastases was subsequently verified by CT in every case. Histo-
logical confirmation of melanoma recurrence was obtained in three cases, and in the 
remaining cases metastatic disease was judged by subsequent clinical disease progres-
sion with the appearance of concurrent findings on a CT scan. The recurrence had in-
fluence on the treatment strategy in all patients. Three patients underwent surgery with 
a curative intent. An obese patient with no palpable disease had a subcutaneus intransit 
metastasis of the trunk on FDG PET (Figure 17) and underwent wide soft tissue exci-
sion with local flap reconstruction. The second patient underwent thoracotomy and 
lobectomy because of a bifocal lung metastasis. The third patient underwent axillary 
clearance because of nodal metastases. Four patients with inoperable recurrent disease 






                         
 
Figure 17. A 60-year-old male operated previously due to melanoma Stage IIB in the 
back. FDG-PET coronal slice and transaxial slice revealed a FDG-avid, unpalpable, 
lesion near the right axilla (arrow). Histological study confirmed a melanoma metas-
tase. The patient has remained disease-free 2 years after the metastasectomy. 
(Reprinted with the permission of the copyright holders) 
 
One patient had bifocal hypermetabolic activity in the mediastinum, but there was no 
progression of this equivocal finding in the repeated PET scans after 3 and 6 months. 
CT results were also normal and the PET finding justified the benign underlying cause. 
This case was regarded as the only falsely positive FDG PET finding in this study. The 
data on these seven recurrences are summarized in Table 12. The entire study profile 
with recent updated data is summarized in Figure 18. 
 

















        
1 68 female IIIC 7 positive lungs medical therapy 
 
2 60 male IIB 14 positive trunk surgery 
3 65 female IIB 12 positive lung surgery+medical 
therapy 




5 51 female IIB 7 negative axillary 
lymph nodes 
surgery 
6 49 female IIC 8 positive lungs medical therapy 
 














Figure 18. Summary of Study V. 
(Reprinted with the permission of the copyright holders) 
Patients undergoing whole body FDG PET  






























6.1 Surgical management and prognosis of cutaneous melanoma 
 
Cutaneous melanoma is the most dangerous type of the common skin cancers and ap-
proximately 20 % of the patients will develop metastatic disease, which is lethal in 
most cases. Melanoma is thus responsible for most skin cancer deaths. The globally 
rising incidence rates of melanoma are alarming and more effective diagnostic and 
therapeutic modalities are strongly warranted. In South-Western Finland, the incidence 
is following global trends. During the 25-year-period of this study, the incidence rate 
has more than doubled. In 2006, the age-adjusted incidence rate per 100 000 was 12.8 
in men and 12.5 in women (Finnish Cancer Registry). In Finland, the prognosis of pri-
mary melanoma, however, has continuously improved in the last decades being in line 
with the global tendency (Ilmonen et al., 2002). The improved prognosis correlates 
with the increasing proportion of thin melanomas and early diagnosis. The incidence 
rate of melanoma has always been higher in South-Western Finland than in eastern or 
northern parts of the country. Since the early 1970s, the treatment and follow-up of 
melanoma patients have been centred in Turku University Hospital. 
 
During the 25-year period of this study, surgical treatment has become less invasive. 
The median width of the excision margin of the primary lesion has declined from 4 cm 
to 1.5 cm, but this reduction has not influenced local recurrence rate or overall sur-
vival. On the positive side, because of less extensive surgery, the need for flap recon-
structions and skin graftings has declined from 68 % to 24 %. As a result of this trend 
in most cases, the patients can be managed in day surgery. The functional and aesthetic 
result is also better when surgery is less extensive. 
 
In the 1980s and early 1990s, elective lymph node dissection was commonly per-
formed in patients with clinically localized melanoma located in the extremities or in 
the head and neck. Occult nodal metastases were detected in 10 % of these cases, thus, 
less frequently than in the SLNB era. In cases with ELND, the histopathological 
evaluation of lymphadenectomy specimen was different than the current approach with 
the sentinel lymph nodes. The sentinel node concept has reduced the number of lymph 
nodes that need to be evaluated, allowing pathologists to focus their efforts (Cochran et 
al., 2000a). In the ELND era, such a meticulous evaluation with multiple serial section-
ing and immunohistochemistry would have been impractical and exhausting for the 
pathologist. In the historic cohort of this study, a majority of the patients underwent no 
invasive nodal staging at the time of initial surgery and 12 % of these patients devel-
oped nodal recurrence during the follow-up resulting in therapeutic lymphadenectomy 
in most cases. Between our study cohorts, the surgical procedures were performed dur-
ing different time periods and the follow-up times are different. Nevertheless, the type 
or timing of surgery itself does not seem to affect overall survival. Because of im-





nodal staging in patients with clinically localized melanoma. In general, the most es-
sential factor for improving prognosis is an early diagnosis. 
6.2 Sentinel lymph node biopsy 
 
We found that 16–17 % of the patients with clinically localized melanoma can be up-
staged by SLNB. Our result is in concordance with that of other investigators (Ger-
shenwald et al., 1999; Cascinelli et al., 2000; Jansen et al., 2000; Statius Müller et al., 
2001; Lens et al., 2002; Kettlewell et al., 2006). Our sentinel node detection rate of  
97 % was exactly the same as in a recent Swedish multicenter study (Mattsson et al., 
2008). Furthermore, 18 % of our sentinel-positive patients had additional occult lymph 
node metastases detected by selective completion lymphadenectomy. Our sentinel-
positive patients had significantly worse outcome than sentinel-negative patients (Fig-
ure 14A). Indeed, the sentinel node status is the single most important predictive factor 
for disease-specific survival. Our false negativity rate was 9 %, nearly the same as 8 % 
in the Danish study by Lock-Andersen and co-workers (2006). 
 
However, despite the widespread agreement on the prognostic value of SLNB, there is 
no consensus concerning the advantage of hunting occult micrometastases in patients 
with clinically localized melanoma. In various scientific medical journals, recent opin-
ions on the use of SLNB in cutaneous melanoma have been strikingly conflicting. The 
New England Journal of Medicine has stated that “sentinel node biopsy is a standard-
of-care staging procedure and is justified in patients with melanoma with tumour 
thicknesses of 1.2 to 3.5 mm who have a sufficient risk of nodal metastases” (Balch 
and Cascinelli, 2006). In contrast, the British Journal of Surgery has cautioned that 
“there is no justification for performing SNB outside of a trial” (Thomas, 2006). In 
April, 2008, the British Medical Journal argued that “Sentinel lymph node biopsy in 
malignant melanoma is unnecessary as clinically important micrometastases can be 
identified by ultrasound” (Thomas, 2008b). Such journals as the British Journal of 
Dermatology, Archives of Dermatology, and Nature Clinical Practice Oncology have 
also published critical editorials on this topic (Russel-Jones, 2005; Kanzler, 2007; 
Rosenberg, 2008). To date, this debate is still continuing. 
 
It has been argued that SLNB should not be standard of care in the treatment of mela-
noma because:  
1. SLNB lacks therapeutic benefit 
2. SLNB staging is useless because no effective adjuvant therapy exists 
3. SLNB increases the risk of intransit metastases 
4. SLNB is associated with false-negative findings 
5. SLNB detects prognostically false-positive submicrometastases 
6. SLNB can be replaced by ultrasound-guided fine needle aspiration biopsy 
 







The question regarding the therapeutic benefit of lymph node surgery in clinically lo-
calized melanoma is of great importance from a historic point of view. In 1892, Her-
bert Snow published “Abstract of a lecture on melanotic cancerous disease” describing 
the necessity of ELND for melanoma for curative intent (Neuhaus et al., 2004). Subse-
quently, ELND became one of the most debated controversies in surgical oncology for 
decades. In patients with clinically localized melanoma, ELND has been compared 
with nodal observation and delayed therapeutic lymph node dissection (TLND) in four 
prospective randomized trials (Veronesi et al., 1982; Sim et al., 1986; Cascinelli et al., 
1998; Balch et al., 1996). In these studies, no statistically significant difference in 
melanoma-specific overall survival was provided to support ELND. However, these 
kinds of studies are statistically underpowered because approximately 80 % of patients 
with clinically localized melanoma do not have metastatic lymph nodes and cannot 
benefit from lymphadenectomy. 
 
In 1992, 100 years after Herbert Snow´s historical statement, Donald Morton and col-
leagues published their landmark study on the SLNB concept (Morton et al., 1992). It 
was the final endpoint of traditional ELND. Thereafter, the discussion of the therapeu-
tic benefit is focused on SLNB but the dilemma has persisted because SLNB trials suf-
fer from the same statistical limitations as ELND trials. Currently, no definitive or 
high-level evidence exists that SLNB, with subsequent immediate CLND, could im-
prove overall survival in patients with melanoma. The only prospective randomized 
trial designed to address the survival benefit of SLNB is the first Multicenter Selective 
Lymphadenectomy Trial (MSLT-1), which was initiated on January 4, 1994, and is 
directed by Donald Morton, John Wayne Cancer Institute, Santa Monica, U.S.A. (Mor-
ton et al., 1999). In this trial, 1347 patients were initially randomized in a 3:2 ratio to 
wide local excision (WLE) with concomitant SLNB versus WLE alone. The MSLT-1 
trial included patients with clinically localized melanoma of over 1 mm in Beslow 
thickness (T2-T4). Patients with positive sentinel nodes underwent immediate lym-
phadenectomy whereas all other patients underwent delayed lymphadenectomy only if 
nodal recurrence occurred during the follow-up.  In the third interim analysis of the 
MSLT-1 trial, which included only selected patients with intermediate-thickness mela-
noma (1.2 to 3.5 mm in Breslow thickness), the melanoma-specific overall survival 
was similar between the two study groups, but in a subanalysis among patients who 
had nodal metastases, the 5-year survival rate was higher in the SLNB group than in 
the observation group: 72.3 % ±4.6 % in patients with immediate lymphadenectomy 
versus 52.4 % ±5.9 % in those with delayed lymphadenectomy (hazard ratio, 0.51;  
95 % CI, 0.32-0.81; p=0.004) (Morton et al., 2006). This subgroup analysis was a sec-
ondary objective but was prospectively incorporated into the design of the trial. In the 
control patients with nodal relapse, there were a greater number of metastatic lymph 
nodes than in the SLNB group (3.3 versus 1.4). This is also indirect evidence for the 
support of the therapeutic benefit of SLNB, because the number of metastatic nodes is 
most strongly associated with worse survival compared with all other prognostic fac-






There have been some European retrospective observational studies on this subject 
with conflicting results. Some studies have reported improved survival of SLNB pa-
tients in comparison with retrospective non-SLNB controls (Kretschmer et al., 2004; 
Starz et al. 2004) whereas some have not (Rutkowski et al. 2003; Möhrle et al., 2004; 
Gutzmer et al., 2005). Kretschmer and co-workers (2004) reported a study from five 
German centres and demonstrated a 5-year survival of 62.5 % in 314 SLNB patients 
versus 50.2 % in 623 historic non-SLNB controls. Similarly, another German study by 
Starz and co-workers (2004) also reported a significant improvement in overall sur-
vival between 324 SLNB patients and 274 pre-SLNB controls both in Kaplan-Meier 
analysis and in multivariate Cox regression. 
 
In our retrospective case-control study (study II), we could not find any disease-
specific overall survival benefit of SLNB in Kaplan-Meier analysis (Figure 12A). Our 
result is in concordance with that of the MSLT-1 trial (Morton et al., 2006). We also 
performed a subgroup analysis between sentinel-positive patients and node-positive 
controls but we could not find any significant difference in disease-specific survival 
either (Figure 15). On the other hand, we could demonstrate that the metastatic tumour 
burden of the sentinel node is a highly significant predictor for survival (Figure 14B). 
We used the S-classification as a parameter which is based on the tumour penetrative 
depth of the metastatic deposits, measured as the maximum distance of the tumour 
cells from the interior margin of the lymph node capsule (Starz, 2004). We consider the 
S-classification system very practical and have thus adopted it in routine clinical prac-
tice at our institution. However, while there is a strong correlation between metastatic 
tumour burden and survival, it seems paradoxical that an early sentinel node metasta-
sectomy does not improve overall survival. We suggest an explanation could be the 
low number of such patients: in the SI- and SII-categories, we had only 25 patients 
constituting 8 % of all SLNB patients. We assume that some proportion of them may 
benefit from SLNB, but this effect does not significantly influence overall survival due 
to statistical dilution. In addition, we are aware of some other methodological limita-
tions of this study. A major problem is the misbalance in follow-up time between pro-
spective SLNB patients and historic controls. In our prospective SLNB study group, 
there were 104 patients remaining after a follow-up of three years and only seven pa-
tients at five years. The time-dependent statistical analyses cannot eliminate this mis-
balance and a longer follow-up is hence clearly needed to demonstrate any therapeutic 
advantage in our prospective cohort. 
 
However, prolonged survival is not the only aim to perform SLNB. We found that the 
most obvious therapeutic advantage of SLNB is better regional disease control as a 
result of reduced nodal recurrence rate. There was regional lymph node recurrence in 
1.6 % of the SLNB patients and 11.7 % in the retrospective controls. The follow-up 
time of SLNB patients is short but, nevertheless, using Kaplan Meier analysis, the dif-
ference in nodal disease-free survival was statistically significant (Figure 13B). Indeed, 
several studies have demonstrated that the SLNB procedure changes the pattern of re-





Statius Müller et al., 2002; Fincher et al., 2003; Gutzmer et al., 2005). Immediate and 
delayed lymphadenectomy are not the same, since stage III disease varies widely in 
terms of the number and the size of metastatic nodes: it is of immense importance if the 
nodal metastases are microscopic or macroscopic. The extent of surgery and its mor-
bidity also reflect this heterogeneity (Sabel et al., 2007). An uncontrollable nodal re-
currence with bulky mass can be a very distressing clinical problem because it causes 
pain and lymphoedema in the extremities, and is frequently associated with ulceration, 
infection or postoperative wound complications. Furthermore, the psychological as-
pects should be highlighted regarding comparison between early treatment and the 
watch-and-wait philosophy. Each melanoma patient has a subjective opinion, whether 
the prevention of lymph node recurrences is an advantage or not. Occasionally, a nodal 
relapse may follow a long disease-free period. In some cases this period may be as long 
as 10–20 years. Clearly, the opportunity to prevent such late disease failures must be 
regarded as an obvious therapeutic benefit in oncologic surgery. On the other hand, it 
seems paradoxical that better local control does not influence the final outcome. First, 
SLNB may reduce the rate of nodal recurrence principally at the expense of an in-
creased rate of distant metastases (Russell-Jones, 2005). Secondly, a longer follow-up 
than presented in this study is needed to demonstrate any significant overall survival 
benefit. 
 
It should be stressed that SLNB was originally developed for a staging procedure to 
identify clinically occult metastases in the draining basin (Morton and Cochran, 2004). 
SLNB should be more clearly distinguished from CLND, the purpose of which is the 
therapeutic excision of all nodes within that basin of a patient whose nodal metastases 
have already been identified by SLNB staging. SLNB improves the diagnostic advan-
tage of the traditional ELND without its morbidity. Thus, the question about the poten-
tial survival advantage should be focused on selective CLND, not on SLNB alone, 
which is a minimally invasive diagnostic approach and widely accepted as such. After 
positive SLNB, however, only a minority of sentinel-positive patients have additional 
metastatic nodes in the sentinel node basin. Therefore, it has been questioned whether 
CLND could be avoided in selected patients (Morton et al., 2007). To date, the risk of 
nonsentinel node metastases cannot be sensitively predicted by using clinicopathologi-
cal characteristics and CLND cannot be safely avoided in any subgroup of sentinel-
positive patients (McMasters et al., 2002; Roka et al., 2008). Until ongoing second 
MSLT trial resolves the dilemma, all patients with positive sentinel nodes should un-




Opponents claim that SLNB-guided staging is of no use because no effective adjuvant 
therapy exists. Adjuvant therapy, however, is not the only aim of accurate staging. The 
patient with melanoma will be followed up for several years and the follow-up sched-
ule should be tailored according to the individual prognosis of each patient, which is 
based on the result of SLNB. Because sentinel-positive patients have a high risk of re-





low-risk patients constitute the majority of the melanoma population, and if they are 
sentinel-negative and if they have had a thin primary lesion, this predicts complete re-
mission. These patients do not require intensive follow-up and they may be followed 
by general practitioners. At our institution, approximately 60 % of melanoma patients 
are currently managed by this cost-effective approach. In addition, SLNB-staged pa-
tients are the best candidates for adjuvant therapy trials.  In the future, if effective sys-
temic adjuvant therapies are found, routine SLNB will be clearly needed to identify the 




Doubts about the increased risk of intransit metastases related to SLNB were raised by 
some European investigators (Estourgie et al., 2003; Estourgie et al., 2004; Thomas 
and Clark, 2004). An intransit metastasis is defined as a unique manifestation of intra-
lymphatic tumour dissemination, characterized by the presence of melanoma in either 
cutaneous or subcutaneous tissue situated between the primary tumour (≥2 cm beyond) 
and the draining regional lymph node basin (Pawlik et al., 2005). An illustration of the 
lymphatic spreading of cutaneous melanoma is presented in Figure 19. 
 
Figure 19. The lymphatic route from the primary lesion to the lymph node basin. 
    
 
The AJCC classification system places the isolated intransit metastases, when nodal 
metastases are absent, into the stage IIIB (N2c) category, because they are associated 
with a worse prognosis equivalent to satellite metastases or multiple nodal metastases 
(Balch et al., 2001a). In the pre-SLNB era, the reported overall incidence of patients 
with intransit metastases ranged from 2.3 % to 14.3 % in stage I-II melanoma (Roses et 
al., 1983). Estourgie et al. (2003, 2004) reported a corresponding rate of 23 % among 
SLNB-positive patients. Due to this alarming result, a potentially increased risk of in-
transit metastases would be of particular concern as an adverse effect of SLNB. Intran-
sit metastases are believed to develop as a result of tumour cells becoming entrapped in 
the lymphatic vessels. Theoretically, the excision of draining lymph nodes might cause 
mechanical disruption of the proximal nodal basin resulting in the entrapment of tu-
mour cells in the afferent lymphatic. However, this argumentation against SLNB has 
been discredited by two extensive retrospective studies. A working group from Austra-





ELND, observation), that the incidence of intransit metastases was 4.9 %, 3.6 %, and 
5.7 %, respectively, and 10.8 % among sentinel-positive patients (van Poll et al., 2005). 
On multivariate analysis, primary tumour thickness and patient age predicted intransit 
metastases but the type of treatment did not. Another review from the John Wayne 
Cancer Institute, U.S.A, also compared the same treatment modalities and found that 
treatment groups matched by T stage or by age, sex, Breslow depth, and primary loca-
tion, showed no significant differences in intransit metastasis incidences (Kang et al., 
2005). In our study, the incidence of locoregional recurrences was slightly higher in the 
SLNB group than among the controls (Figure 13A), but the difference is not statisti-
cally significant, and hence the rate of local or in-transit recurrences cannot be re-
garded as a result of the SLNB procedure. Taken together, there is no relationship be-
tween SLNB and intransit metastases. The risk of intransit metastasis depends on tu-
mour biology, not on the surgical approach to regional lymph nodes (Pawlik et al., 




Some proportion of the sentinel-negative patients may develop nodal recurrence within 
the draining lymph node basin during a long-term follow-up indicating that the sentinel 
nodes have been initially falsely negative. The false-negative rate of the SLNB proce-
dure should be calculated as the rate of false-negative results over the group of node-
positive patients (Nieweg and Estourgie, 2004). The corresponding rate over the entire 
study population, including node-negative cases, should be termed as the failure rate 
(Vuylsteke et al., 2003). According to this definition, the false-negative rate seems to 
be moderately high in some of the preliminary SLNB studies; the WHO Melanoma 
Program reported 40 regional nodal relapses in 181 nodal-positive patients giving thus 
a false-negative rate of 22 % (Cascinelli et al., 2000). In general, the false-negative rate 
has remained at an acceptable level of 10 % or less (Gershenwald et al., 1998; Essner 
et al., 1999; Wagner et al., 2003). In our study (Study II), the false-negative rate of 
SLNB was 9 %.  
 
A false-negative finding is of great importance, because it challenges the validity of the 
sentinel node hypothesis. Current evidence suggests three main causes of false-
negative findings: pathological failure, technical failure, and biological failure (John-
son et al., 2006). Pathological failure was investigated in a study on 1152 patients, who 
had undergone SLNB at the Sydney Melanoma Unit (Li et al., 2003). All false-
negative sentinel nodes were re-evaluated and there were 26 regional lymph node re-
currences among 957 patients with negative sentinel nodes by initial pathologic exami-
nation (false-negative rate 12 %, failure rate 2 %). In the re-examination, pathologic 
failure was demonstrated in 32 % of the cases by finding metastatic deposits in the 
original sentinel nodes. An extended or stepped histopathological evaluation has been 
shown to improve the detection rate of sentinel node micrometastases from 14–22 % to 
28 % (Abrahamsen et al., 2004; Gietema et al., 2004), but there is no consensus 
between different studies as to how many sections exactly are needed (van Diest, 





comprehensive examination of the entire sentinel node and practical considerations in 
routine practice (Scolyer et al., 2004b). A technical failure is associated either with 
methodological problems or with the inexperience of the surgeon. A biological failure 
may occur when the lymphatics are obstructed by melanoma cells resulting in the re-
routing of the lymph flow; this type of failure is difficult to manage and is inevitable 
(Vuylsteke et al., 2003).  
 
Taken together, the SLNB procedure requires a collaborative effort between the nu-
clear physician, the surgeon, and the pathologist. A failure in any of these components 
may result in an unsatisfactory outcome. 
 
Prognostically false-positive micrometastases 
 
SLNB is able to detect micrometastases of minimal tumour burden and even single 
isolated melanoma cells in the sentinel nodes. In this study, nine sentinel-positive pa-
tients had a micrometastasis in the sentinel node with a tumour penetrative thickness of 
less than 0.1 mm (S-class I) and all of these patients have remained completely dis-
ease-free. This excellent outcome may be associated with lead time bias, i.e. to the 
long, slow and natural progression of the disease. In contrast, SLNB opponents have 
suggested that the theory of prognostic false-positive sentinel nodes may result in in-
correct upstaging of some patients and therefore cause a fundamental error in the sur-
vival comparisons (Thomas, 2008a). This concept is based on the hypothesis that not 
all metastatic lymph nodes will develop into clinically relevant nodal disease. It has 
been argued that these patients with prognostic false-positive sentinel nodes are given 
inaccurate prognostic information and they are undergoing unnecessary CLND or ad-
juvant therapy. Based on the analysis of 262 SLNB patients, a working group from the 
Netherlands suggested that patients with submicrometastases (tumour burden <0.1 
mm) in the sentinel node should be judged as sentinel-negative (van Akkooi et al., 
2006). The authors found no additional nonsentinel positivity for micrometastases <0.1 
mm. However, another retrospective analysis was carried out on 1382 patients who 
underwent SLNB; 57 patients had metastases limited to isolated tumour cells and 12 % 
had additional nonsentinel metastases in CLND (Scheri et al., 2007). Patients with iso-
lated tumour cells in their sentinel nodes also had a significantly higher risk of mela-
noma-specific death than those with tumour-negative sentinel nodes. An Australian 
working group identified a small number of melanoma patients, whose sentinel nodes 
were originally reported as pathologically negative, but who had subsequently devel-
oped regional nodal recurrence; subsequent more detailed pathologic reanalysis found 
very small, submicrometastatic, deposits in the subcapsular sinus region of the sentinel 
node (Scolyer et al., 2007). Thus, the picture is unclear and further studies are war-
ranted on this subject. To date, no empirical studies have been carried out on detectable 
micrometastases in situ and true histological regression of nodal micrometastases has 
never been described. Currently, such a study is impossible because the detection of 
micrometastases is based on the excision of the metastatic sentinel node, which is also 
its treatment. Thus, the excellent outcome of patients with submicrometastases may 





minimal tumour burden, no nonsentinel metastases and no distant metastases. Without 
evidence-based data, no cancer metastases can be regarded as clinically unimportant or 
benign. 
 
Ultrasonography and fine needle aspiration cytology 
 
Ultrasonography-guided fine needle aspiration cytology has been suggested to replace 
SLNB for nodal staging (Thomas, 2008a). Currently, this is unrealistic and based on 
inconclusive and uncontrolled evidence. In our study, 25 of 49 sentinel-positive pa-
tients (51 %) had a micrometastasis of ≤1.0 mm in size. This is far below the detection 
level of ultrasonography, which is regarded to be between 4 and 5 mm in most mela-
noma centres (Starritt et al., 2005; Hafner et al., 2004; Sibon et al., 2007). 
 
In summary, we suggest that there is sufficient scientific evidence and support for the 
routine use of SLNB in cutaneous melanoma. An option for SLNB should be provided 
for every patient with clinically localized cutaneous melanoma exceeding 1,0 mm in 
Breslow depth, because SLNB provides unique information for staging and better re-
gional disease control. In Finland, a recommendation for this option is stated in the 
national guideline of care for cutaneous melanoma (Suominen et al., 2005). During this 
study, none of the 334 patients refused this option. It should be stressed that SLNB is a 
minimally invasive and safe procedure for the patient. In most cases, SLNB can be per-
formed as day surgery, at the same time with the excision of the primary lesion or the 
biopsy scar. In our study, 84 % of the patients were sentinel-negative and were spared 
completion lymphadenectomy at the time of disease presentation. Only 2 % had nodal 
recurrence during the follow-up as result of false-negative SLNB. 
6.3 Thin melanoma 
 
We designed our study to include thin melanomas because this subgroup is of great 
clinical importance. This patient population is growing rapidly in incidence and there 
is no consensus considering the precise indications of SLNB in this category. Occult 
metastases in thin melanomas are rare but if melanoma is invasive, there is a potential 
risk of metastasis regardless of the Breslow thickness. There is no thickness-related 
biologic cutoff point regarding metastasis in patients with invasive melanoma. We 
found in our historic control patients that 15 (4.6 %) of 324 patients with thin T1 pri-
mary lesion had died of recurrent metastatic melanoma. In the SLNB group, an equal 
proportion, seven (4.5 %) of 155 patients with thin T1 melanoma had micrometastasis 
in the sentinel node. Each of these seven patients underwent CLND and one patient 
had additional nonsentinel micrometastases. Although the seven patients were up-
staged as a result of the micrometastasis detected by SLNB, there were no recurrences 
after a mean follow-up time of 3.0 years. Similarly, in a German study on 87 patients 
with thin melanomas between 0.75 mm and 1.00 mm in Breslow thickness, 11.5 % of 
the patients were sentinel-positive and all of them remained disease-free after a median 





gestive of the potential survival benefit of SLNB in this subgroup of patients with a 
thin primary lesion and minimal risk for hematogenic spreading and dissemination in 
general. 
 
The problem is the expanding T1 population. Thin melanomas account for the great 
majority of melanomas in most developed countries. Many authors consider it doubtful 
whether a 4-5 % sentinel positivity rate is enough to justify the use of SLNB in all thin 
melanomas since the therapeutic benefit is unclear. The cost-benefit is questionable 
since only a small number will have disease identified that will alter treatment (Agnese 
et al., 2003). Therefore, there is a clear need for non-invasive predictive indicators that 
would judge a precise indication for SLNB in thin melanomas. In the AJCC staging 
system, thin melanomas are divided into two prognostically different subgroups on the 
basis of ulceration and Clark level (Balch et al., 2001a). Some studies, however, have 
questioned the accuracy of the AJCC staging system for thin melanomas. In a large 
German cohort of 12 728 thin cutaneous melanomas, multivariate analysis showed that 
histological subtype, body site, sex and age were prognostic factors – not ulceration or 
Clark level (Leiter et al., 2004). In contrast, an Australian study on 18 088 patients 
demonstrated that ulceration, which is uncommon in thin melanomas confers a worse 
prognosis when present (McKinnon et al., 2003). Tumour cell mitotic rate has been 
identified as an independent prognostic factor in two important studies (Sondak et al., 
2004; Gimotty et al., 2007). Mitotic index has been strongly suggested to be included 
in the next updated version of the AJCC classification system. Sondak and co-workers 
also found younger age as a predictor of sentinel positivity, whereas Gimotty and co-
workers included sex in his classification scheme. This heterogeneity of prognostic 
variables, however, demonstrates that the histopathologic parameters of the primary 
tumour have relatively low sensitivity in predicting sentinel node status. As demon-
strated in Table 2, there are several studies which have not been able to find such pre-
dictors. 
 
The single most important parameter is the Breslow thickness itself. Some authors 
have suggested that all patients with thin melanomas between 0.75 and 1.00 mm could 
be appropriate candidates for SLNB after the giving of proper patient information (Pu-
leo et al., 2005). Indeed, many melanoma centres consider SLNB for patients if 
Breslow thickness is over 0.75 mm, the Clark-level is over III, or if the primary lesion 
is ulcerated. Among our seven sentinel-positive patients with T1 melanoma, only one 
patient had an ulcerated melanoma, one patient had a melanoma with Clark-level IV, 
and three of seven patients had Breslow thickness of below 0.75 mm (Table 8). It is 
obvious that without performing SLNB on all patients with T1 melanoma, most of the 
micrometastases would remain unidentified. Currently at our institution, we offer our 
patients the option for SLNB if melanoma is histologically invasive and if the Breslow 






6.4 Head and neck melanoma 
 
We detected occult nodal metastases in four (16 %) of 25 patients with H&N mela-
noma. Because only T2-T4-melanomas (Breslow thickness >1.0 mm) were evaluated, 
the relative sentinel-positivity rate is significantly lower than the corresponding rate in 
the trunk and extremities. Some other investigators have reported similar findings. The 
multi-institutional SLN Working Group published a report on 629 H&N melanoma 
patients, including thin melanomas, with a sentinel-positivity rate of 10 % (Leong et 
al., 2006). In another study on 321 H&N melanoma patients, there was a sentinel-
positivity rate of 15 %, which was significantly less than the corresponding rates of  
23 % and 20 % found in truncal and extremity melanomas, respectively (Chao et al., 
2003). In general, H&N location is thought to be a negative prognostic factor for sur-
vival and this low sentinel-positivity rate therefore seems to be paradoxical. We sug-
gest that this paradox could be age-related. Our H&N patients were approximately ten 
years older than the patients with melanoma in the trunk and extremities (mean, 66 
years vs. 56 years; median 68 years vs. 57 years). Despite the age-related worse clini-
copathologic profile and decreased melanoma-specific survival, older patients tend to 
have a significantly lower rate of nodal metastases detected by SLNB (Chao et al., 
2004; Chagpar et al., 2007). Chao reported on 3076 SLNB patients that the overall sen-
tinel positivity rate was 18.2 %, but only 14.4 % among the patients of older than 60 
years. Several potential explanations exist for this age paradox: age-related changes in 
the lymphatic system could result in a decreased sensitivity of the SLNB procedure. 
Same changes may result in preferential metastatic spread via the hematogenous route. 
In younger patients, in contrast, a more competent immune system could eliminate 
some micrometastases (Carlson, 2004). 
  
To date in our study, there have been no nodal recurrences in sentinel-negative patients 
with H&N melanoma after a median follow-up time of 2.2 years. A longer follow-up is 
needed to estimate the true false-negative rate. SLNB is more challenging in the head 
and neck (H&N) than in other body sites and this may result in an increased false-
negative rate in the head and neck compared with trunk and extremity locations (Chao 
et al., 2003; de Wilt et al., 2004). The sentinel nodes are frequently located near the 
tracer injection site and the high background radioactivity may mask the hot spots of 
sentinel nodes. Moreover, the skin of the H&N region is associated with complex and 
unpredictable drainage patterns. Multiple drainage basins have been reported in ap-
proximately 40 % of cases (Wells et al., 1997; Carlson et al., 2005). Likewise, lym-
phoscintigrams in the H&N have been discordant with clinical predictions in 34-43 % 
of cases (O´Brien et al., 1995; Lin et al., 2006). In addition, the lymph nodes are often 
small and located in surgically demanding sites that are not easily accessible as in the 
parotid gland. SLNB in the parotid gland may present special problems and it is asso-
ciated with a risk for facial nerve injury (Eicher et al., 2002). In our patients, 12 % of 
the sentinel nodes of H&N melanomas were located in the parotid gland. Nodal metas-
tases, if present, were detected in 37 nodal basins and the metastatic site was the pa-





the morbidity associated with SLNB of the parotid gland has been reported to be less 
than 4 % (Ollila et al., 1999a; Wagner et al., 2000; Loree et al., 2006). These results do 
not support the recommendations of some authors who have suggested that superficial 
parotidectomy should always be performed instead of parotid SLNB (Eicher et al., 
2002). Nevertheless, such an approach would compromise the mini-invasiveness of 
SLNB which is the main advantage of the procedure. 
 
We found that patients with scalp melanoma had poor prognosis (Figure 16). This find-
ing is in accordance with other studies (Leong et al., 2006; O´Brien et al., 1991). We 
also found that scalp melanomas were frequently associated with male gender, higher 
age, high Breslow thickness and the presence of ulceration. In comparison between 
treatment modalities, i.e. elective neck dissection vs. SLNB vs. observation, there were 
no differences in disease-specific overall survival. It is important to note that there 
were different follow-up times between the cohorts and the surgical procedures were 
performed during different time periods. Nevertheless, because SLNB is found to be a 
reliable and mini-invasive approach for the nodal staging in the head and neck, tradi-
tional neck dissection is recommended only for therapeutic purposes in clinically node-
positive or sentinel-positive patients. 
6.5 Follow-up and positron emission tomography 
 
After the initial surgery, a proportion of patients carry a risk for occult metastases, re-
sulting in recurrent disease. Surgical treatment of advanced-stage metastatic melanoma 
is thought to be questionable in general, but we found that 56 % of patients with recur-
rent disease underwent surgical metastasectomy. It should be stressed that the majority 
of these operations were therapeutic lymph node dissections and, in the era of SLNB, 
the number of nodal recurrences and need for therapeutic lymphadenectomies is 
strongly reduced. However, an option for metastasectomy should be considered, par-
ticularly if the metastasis is single and isolated. The earlier the metastasis is detected, 
the more effective the treatment is likely to be; surgery being the only modality of 
therapy that significantly influences the prognosis in recurrent melanoma (Brand et al., 
1997). In a retrospective study on 373 patients, a survival advantage was demonstrated 
in patients who were asymptomatic in comparison with symptomatic patients at the 
time of recurrence, suggesting that early detection of recurrent disease may improve 
overall survival (Poo-Hwu et al., 1999). 
 
If surgical resection is considered, the goal of the operation may be palliative or cura-
tive. Careful patient selection is important and a thorough preoperative staging evalua-
tion should be performed. In general, surgery is most effective in patients exhibiting 
advanced disease limited to a few sites with a limited number of metastases (Young et 
al., 2006). This benefit is particularly associated with pulmonary metastasectomy; a 
solitary metastasis and absence of extrapulmonary disease are predictive for improved 
survival (Neuman et al., 2007). In this study, we had 21 patients who had been oper-





monary metastasectomy. Overall, the mean survival time after the pulmonary metasta-
sectomy was 24 months, which is six months longer than in patients with recurrent 
melanoma on average. In an extensive analysis on 1720 melanoma patients with pul-
monary metastasis, the performance of pulmonary metastasectomy was associated with 
a survival advantage of 12 months for patients with a preceding disease-free interval 
longer than 5 years and 10 months for patients without extrathoracic metastasis (Peter-
sen et al., 2007). A recent study on 873 patients with recurrent melanoma reported a 
better prognosis of lung metastases compared to other visceral recurrences (Francken 
et al., 2008).  
 
In addition, metastases in the gastrointestinal tract are suitable for surgical resection 
and results have been reported to give some therapeutic benefit in terms of prolonged 
survival in patients rendered free of all identifiable disease (Agrawal et al., 1999). If 
the resection is not complete, operative intervention for bowel metastases is recom-
mended for palliative reasons, in order to prevent bowel obstruction. In contrast, the 
resection of melanoma metastases in the liver remains controversial. Pawlik and co-
workers reported a study on 40 patients with hepatic melanoma undergoing hepatic 
resection (Pawlik et al., 2006). The primary lesion had been cutaneous in 24 and ocular 
in 16 patients. The patients with primary skin melanoma had worse outcome than those 
with ocular tumours: among patients with cutaneous melanoma, the median time to 
recurrence after hepatic resection was 4.7 months and there were no 5-year survivors. 
 
In asymptomatic patients, there is no consensus regarding the optimum frequency and 
length of follow-up but the follow-up schedule should be guided by the fact that the 
majority of the recurrences seem to occur within the first three years (Dicker et al., 
1999; Poo-Hwu et al., 1999). The follow-up screening protocols for patients with 
melanoma vary from country to country with significant differences in expert opinion 
and practice. Almost all recommendations are based more on common-sense or histori-
cal practice than on evidence-based guidance (Francken et al., 2005). Only one pro-
spective study from Germany has been published on this subject (Garbe et al., 2003). 
Garbe and co-workers reported that 71 % of all recurrences were primarily detected on 
scheduled follow-up examinations. In contrast, according to an extensive review of 72 
selected articles, several investigators have found that most recurrences are detected by 
the patients themselves (Francken et al., 2005). For this reason, some authors do not 
support high-intensity routine follow-up investigations and only medical history and 
physical examination seem to be cost-effective. 
 
Traditionally, imaging studies have played a prominent role in follow-up but the bene-
fits of these studies are not entirely clear (Choi and Gershenwald, 2007). Chest radiog-
raphy is often routinely used due to its low cost and relatively low inconvenience. 
However, with chest radiography alone, the detection rate of occult lung disease is low 
in asymptomatic patients and false-positive or equivocal findings are common (Wang 
et al., 2004; Gold et al., 2007). The initial chest radiograph may be useful as a baseline 
examination against which to compare future studies in evaluating clinical signs or 





magnetic resonance imaging (MRI) are more sensitive than the plain chest x-ray, but 
their efficacy in routine use has not been established (Choi and Gershenwald, 2007). 
Imaging of asymptomatic patients at the time of initial diagnosis, in general, is of low 
yield with a high false-positive rate and does not usually lead to upstaging or change in 
initial management (Yancovitz et al., 2007). More than screening asymptomatic pa-
tients, these imaging modalities should be used to address specific clinical questions. 
Compared with CT, MRI may be more sensitive in detecting metastases located in the 
brain, liver, spleen, subcutaneous tissues, muscle, and bone; in contrast, CT may detect 
more pulmonary disease than MRI (Müller-Horvat et al., 2006). 
 
Whole body FDG PET is a new technique based on metabolic imaging of malignant 
tissue. There are three potential indications for the use of FDG PET in patients with 
melanoma: staging at the time of initial disease presentation, staging during follow-up, 
or restaging the patients with distant metastases in terms of treatment response. The use 
of FDG PET in the initial staging is considered to provide only limited value. At the 
time of initial diagnosis FDG PET has suboptimal sensitivity in detecting low tumour 
volume in patients with clinical stage I-II melanoma, because the lower limit of sensi-
tivity for FDG PET detection is approximately 6 to 8 mm in tumour size, which is far 
above the size of micrometastases at that time (Wagner et al., 2001; Wagner et al., 
2005). Therefore, FDG PET cannot replace lymph node staging with the SLNB at the 
time of initial diagnosis (Ackland et al., 2001; Belhocine et al., 2002; Havenga et al., 
2003). For the same reason, distant micrometastases, if present, are undetectable at the 
initial stage. False positive or equivocal findings bring an additional problem. Non-
specific FDG uptake is frequently seen with PET imaging in many benign conditions, 
such as inflammatory lesions, infections, reactive lymphadenopathy, recent surgical 
wounds, and benign tumours in a wide variety of tissues (Wagner, 2006). A high 
physiological cellular glucose metabolism can also limit the utility of FDG PET in the 
bowel, renal collecting systems, bladder, skeletal muscles, brain, and heart, although 
the use of integrated FDG PET/CT has markedly decreased the problem of interpre-
taion of these physiological uptakes (Ho Shon et al., 2008). 
 
Compared with the use in primary staging, FDG PET may have a more valuable role 
later on during the follow up. FDG PET can detect or exclude the presence of occult 
disease in unsuspected sites and aid in the planning of surgical treatment. In a prospec-
tive study on 103 patients with high-risk melanoma, preoperative imaging, with either 
FDG PET alone or in combination with CT, led to a change in the clinical management 
in 35 % of the patients (Brady et al., 2006). The most common decision was to cancel 
the operation due to an unexpected metastatic finding. Tyler and co-workers (2000) 
reported on 95 patients with clinical stage III melanoma that FDG PET revealed un-
suspected sites of metastases in 19.7 % of the scans, leading to a change in manage-
ment in these patients. In a retrospective analysis of 257 Dutch melanoma patients un-
dergoing FDG PET, overall, 21.8 % of the patients were upstaged as a result of PET 
and the treatment was changed in 17.1 % of the patients, most often from surgery to 
systemic treatment (Bastiaannet et al., 2006). Unexpected malignancies, such as colon 






In this study, we investigated the use of whole body FDG PET in detecting occult me-
tastases in asymptomatic patients with high risk of recurrence. We performed FDG 
PET prospectively in 30 voluntary patients with AJCC stage IIB to III melanoma be-
tween 6 and 24 months after the initial surgery. This resulted in a sensitivity and speci-
ficity for melanoma recurrence of 86 % and 96 %, respectively. The positive predictive 
value was 86 % and the negative predictive value was 96 %. We consider this result 
good, because FDG PET was performed as a one-time screening study in asympto-
matic patients. We stress that this upstaging altered the clinical treatment in each pa-
tient. Three patients underwent surgery and four patients received medical therapy. A 
similar Danish study reported a sensitivity of 80 % and specificity of 88 % in 33 pa-
tients undergoing routine FDG PET after positive SLNB; the individual scan was 
judged as true negative if no recurrence occurred within six months after negative 
scanning (Horn et al., 2006). 
 
The optimal length of the follow-up is not certain, since each patient carries an unpre-
dictable and individual course of the disease progression. Therefore, intensive follow-
up of the patients is important even if the FDG PET is negative, due to risk of late re-
currence. When we updated the follow-up data, we found two additional recurrences in 
patients with negative baseline FDG PET result. In the first patient, intransit metastases 
were detected in the leg 14 months after negative FDG PET. She underwent repetitive 
surgical excisions, and currently, 35 months after the last operation, she is disease-free. 
In the second patient, a rapid distant dissemination was detected 36 months after nega-
tive FDG PET. To date, he is alive under disease progression. To date, the median fol-
low-up time for the survivors is 3.9 years. 
 
Currently at our institution, imaging with hybrid FDG PET/CT scanner has replaced 
traditional plain CT in the routine follow-up schedule of patients with high risk mela-
noma. FDG PET/CT is performed in patients with stage IIB-IIIC melanoma at six 
months postoperatively. In the follow-up of asymptomatic high-risk patients, this 
screening FDG PET/CT is a one-time examination but it is repeated if there is any 
clinical suspicion of recurrence or surgical metastasectomy is planned.  In addition, 
because lymphoscintigraphy were unsuccessful in 3 % of our study patients undergo-
ing SLNB, we suggest that a failed SLNB could constitute a special indication for FDG 
PET, particularly when the primary lesion is thick or of intermediate thickness with 
ulceration. 
 
Taken together, SLNB is still the single most important tool for identifying patients 
with high risk for recurrency and this staging can be used in patient selection. Sentinel 
node status separates melanoma patients into high- and low-risk groups also providing 
a logical basis on which assessment of the need for follow-up schedule can be based. 
The intensity of clinical and technical examinations should be intensified among high 









On the basis of the present study, the following conclusions can be made: 
 
I  In the last 25-years, melanoma surgery has become less invasive. This evolu-
tion has not influenced disease-specific overall survival. An early diagnosis of 
melanoma remains important in terms of improving prognosis. Sentinel lymph 
node biopsy is the method of choice for nodal staging. 
 
II  Compared with historic controls, SLNB did not significantly improve disease-
free survival or disease-specific overall survival. In contrast, nodal disease-free 
survival was significantly higher among the SLNB patients and SLNB thus 
provides a better regional disease control. Metastatic tumour burden in the sen-
tinel node was a highly significant predictor for survival. 
 
III SLNB detected occult nodal metastases in 4.5 % of the patients with thin T1 
melanoma. We could not identify any indicators that would have sensitively 
predicted the sentinel node positivity. Without SLNB, nodal micrometastases 
would remain undetected. 
 
IV  SLNB detected occult nodal metastases in 16 % of the patients with head and 
neck melanoma. SLNB is superior to traditional neck dissection in the staging 
of clinically node-negative patients. SLNB is more challenging in the head and 
neck than in other body sites.  
 
V  Whole body FDG PET detected occult distant metastases in six of 30 asymp-
tomatic patients with high risk melanoma. This upstaging altered the treatment 
in each patient. A failed SLNB constitutes a special indication for FDG PET, 








This study was carried out at the Department of Surgery, Turku University Hospital, 
during the years 2001–2008. I am truly grateful to Professor Pauli Puolakkainen and 
Professor emeritus Juha Niinikoski for their enthusiastic support during this study. I 
particularly appreciate the interest that Juha Niinikoski had in my thesis when he 
worked as a coauthor in my first scientific article. 
 
I express my deepest gratitude to the supervisor of this thesis, Docent Erkki Suominen. 
Initially, he noticed my special interest in sentinel node biopsy technique and brought 
up the basic idea of this thesis. His valuable advice and wise criticism have encouraged 
me through this work. Erkki is also my teacher in plastic surgery, my good boss, and 
my friend. 
 
I thank Docent Outi Kaarela, Department of Surgery, Oulu University, and Docent Olli 
Saksela, Skin and Allergy Hospital, Helsinki University, the official reviewers of the 
manuscript, for their careful and constructive criticism. 
 
I owe my special thanks to my good fellow student Lauri Talve, MD, PhD, Department 
of Pathology, for being the most important co-worker during this project. This research 
would not have been possible without a high professional skin pathologist like Lasse. 
 
I express my warm thanks to Pia Vihinen, MD, PhD, my colleague and co-worker at 
the Department of Oncology and Radiotherapy. I also thank Professor Seppo 
Pyrhönen, for his kind support. 
 
I am very grateful for being able to collaborate with Professor Reidar Grénman and 
Ilpo Kinnunen, MD, PhD, Department of Otorhinolaryngology –Head and Neck Sur-
gery. Their active guidance was essential during Study IV. 
 
I wish to thank Docent Marko Seppänen, the Head of the Department of Nuclear 
Medicine, and Docent Heikki Minn, Department of Oncology and Radiotherapy, for 
their professional contribution during the PET study. 
 
I thank Maija Mäki, MD, PhD, Department of Nuclear Medicine, for carefully review-
ing the technical details of the description of lymphoscintigraphy in this study. 
 
I am grateful to Tero Vahlberg, MSc, Department of Biostatistics, University of Turku, 
for teaching me the basics of biostatistics. 
 
I want to thank Mike Nelson, PhD, Language Centre, University of Turku, for the lin-





ing skills. I also thank Docent Robert Paul for the linguistic revision of articles II and 
III. 
 
I express my gratitude to Docent Leena Koulu, Department of Dermatology, for par-
ticipation in the official follow-up team of this thesis. 
 
I express my great respect to Docent Timo Savunen, the Head of the Department of 
Surgery, for his positive attitude to scientific research and for the opportunity to work 
at his clinic. 
 
I warmly thank Erkki Pekkala, MD, PhD, who supported my first pilot works within 
sentinel node biopsy technique at the Turku City Hospital for Surgery in 1999. I also 
thank Docent Arto Rantala who initially supported my plastic surgery training in 2001. 
 
With respect, I owe my special thanks to great senior surgeons Docent Seppo Niemi-
nen and Mikael Relander, MD, PhD, for taking care and operating the retrospective 
study patients between 1983 and 2001. 
 
I also thank my teacher colleagues at the Department of Surgery, University of Turku, 
and my surgeon colleagues at the Plastic Surgery and Breast Cancer Unit 215. In addi-
tion, I want to thank our nurses at unit 215, outpatient unit 221, and all operative units. 
 
I wish to thank Mrs Tuula Raitanen, Patient Record Archives, Turku University Hospi-
tal, for picking up more than one thousand patient records in this study. In addition, I 
thank secretaries Anne Mäkinen and Tuula Siren, and teaching nurse Ritva Rautiainen 
at the Department of Surgery. 
 
This study was financially supported by the Cancer Foundation of South-Western 
Finland and by the EVO Foundation of the Department of Surgery, Turku University 
Hospital. 
 
My sincerest gratitude belongs to my parents, Olavi and Sanni Koskivuo, who have 
stood by me all these years. Their never failing love and support have followed me 
throughout my life. 
 
Finally, this thesis is dedicated to those who matter the most – my wife Raija and our 
dear children Anna, Olli, and Antti. 
 
 
  Turku, November 5th, 2008 









Abrahamsen HN, Hamilton-Dutoit SJ, Larsen J, Steiniche 
T (2004): Sentinel lymph nodes in malignant melanoma: 
extended histopathologic evaluation improves diagnostic 
precision. Cancer 100:1683-91. 
 
Acland KM, Healy C, Calonje E, et al. (2001): Comparison 
of positron emission tomography scanning and sentinel 
node biopsy in the detection of micrometastases of pri-
mary cutaneous malignant melanoma. J Clin Oncol 
192674-8. 
 
Agnese DM, Abdessalam SF, Burak WE, Jr., Magro CM, 
Pozderac RV, Walker MJ (2003): Cost-effectiveness of 
sentinel lymph node biopsy in thin melanomas. Surgery 
134:542-7; discussion 547-8. 
 
Agrawal S, Yao TJ, Coit DG (1999): Surgery for mela-
noma metastatic to the gastrointestinal tract. Ann Surg 
Oncol 6:336-44. 
 
Albertini JJ, Cruse CW, Rapaport D, et al. (1996): Intraop-
erative radio-lympho-scintigraphy improves sentinel 
lymph node identification for patients with melanoma. 
Ann Surg 223:217-24. 
 
Alex JC, Krag DN (1993): Gamma-probe guided localiza-
tion of lymph nodes. Surg Oncol 2:137-43. 
 
Alex JC, Weaver DL, Fairbank JT, Rankin BS, Krag DN 
(1993): Gamma-probe-guided lymph node localization 
in malignant melanoma. Surg Oncol 2:303-8. 
 
Allen AC, Spitz S (1953): Malignant melanoma; a clinico-
pathological analysis of the criteria for diagnosis and 
prognosis. Cancer 6:1-45. 
 
Allen PJ, Coit DG (2002): The surgical management of 
metastatic melanoma. Ann Surg Oncol 9:762-70. 
 
Anaya DA, Xing Y, Feng L, et al. (2008): Adjuvant high-
dose interferon for cutaneous melanoma is most benefi-
cial for patients with early stage III disease. Cancer 
112:2030-7. 
 
Azzola MF, Shaw HM, Thompson JF, et al. (2003): Tumor 
mitotic rate is a more powerful prognostic indicator than 
ulceration in patients with primary cutaneous melanoma: 
an analysis of 3661 patients from a single center. Cancer 
97:1488-98. 
 
Balch CM, Buzaid AC, Atkins MB, et al. (2000): A new 
American Joint Committee on Cancer staging system for 
cutaneous melanoma. Cancer 88:1484-91. 
 
Balch CM, Buzaid AC, Soong SJ, et al. (2001a): Final 
version of the American Joint Committee on Cancer 
staging system for cutaneous melanoma. J Clin Oncol 
19:3635-48. 
 
Balch CM, Cascinelli N (2006): Sentinel-node biopsy in 
melanoma. N Engl J Med 355:1370-1. 
 
Balch CM, Murad TM, Soong SJ, Ingalls AL, Halpern 
NB, Maddox WA (1978): A multifactorial analysis of 
melanoma: prognostic histopathological features com-
paring Clark's and Breslow's staging methods. Ann 
Surg 188:732-42. 
 
Balch CM, Soong SJ, Atkins MB, et al. (2004): An evi-
dence-based staging system for cutaneous melanoma. 
CA Cancer J Clin 54:131-49; quiz 182-4. 
 
Balch CM, Soong SJ, Bartolucci AA, et al. (1996): Effi-
cacy of an elective regional lymph node dissection of 1 
to 4 mm thick melanomas for patients 60 years of age 
and younger. Ann Surg 224:255-63; discussion 263-6. 
 
Balch CM, Soong SJ, Gershenwald JE, et al. (2001b): 
Prognostic factors analysis of 17,600 melanoma pa-
tients: validation of the American Joint Committee on 
Cancer melanoma staging system. J Clin Oncol 
19:3622-34. 
 
Balch CM, Soong SJ, Smith T, et al. (2001c): Long-term 
results of a prospective surgical trial comparing 2 cm 
vs. 4 cm excision margins for 740 patients with 1-4 
mm melanomas. Ann Surg Oncol 8:101-8. 
 
Balch CM, Urist MM, Karakousis CP, et al. (1993): 
Efficacy of 2-cm surgical margins for intermediate-
thickness melanomas (1 to 4 mm). Results of a multi-
institutional randomized surgical trial. Ann Surg 
218:262-7; discussion 267-9. 
 
Balch CM, Wilkerson JA, Murad TM, Soong SJ, Ingalls 
AL, Maddox WA (1980): The prognostic significance 
of ulceration of cutaneous melanoma. Cancer 45:3012-
7. 
 
Ballo MT, Bonnen MD, Garden AS, et al. (2003): Adju-
vant irradiation for cervical lymph node metastases 
from melanoma. Cancer 97:1789-96. 
 
Barnhill RL, Flotte TJ, Fleischli M, Perez-Atayde A 
(1995): Cutaneous melanoma and atypical Spitz tu-
mors in childhood. Cancer 76:1833-45. 
 
Bastiaannet E, Oyen WJ, Meijer S, et al. (2006): Impact 
of [18F]fluorodeoxyglucose positron emission tomo-
graphy on surgical management of melanoma patients. 
Br J Surg 93:243-9. 
 
Bedrosian I, Faries MB, Guerry Dt, et al. (2000): Inci-
dence of sentinel node metastasis in patients with thin 
primary melanoma (< or = 1 mm) with vertical growth 






Beenen E, de Roy van Zuidewijn DB (2005): Patients blue 
on patent blue: an adverse reaction during four sentinel 
node procedures. Surg Oncol 14:151-4. 
 
Belhocine T, Pierard G, De Labrassinne M, Lahaye T, Rigo 
P (2002): Staging of regional nodes in AJCC stage I and 
II melanoma: 18FDG PET imaging versus sentinel node 
detection. Oncologist 7:271-8. 
 
Bergqvist L, Strand SE, Hafstrom L, Jonsson PE (1984): 
Lymphoscintigraphy in patients with malignant mela-
noma: a quantitative and qualitative evaluation of its 
usefulness. Eur J Nucl Med 9:129-35. 
 
Bishop JA, Corrie PG, Evans J, et al. (2002): UK guide-
lines for the management of cutaneous melanoma. Br J 
Plast Surg 55:46-54. 
 
Bleicher RJ, Essner R, Foshag LJ, Wanek LA, Morton DL 
(2003): Role of sentinel lymphadenectomy in thin inva-
sive cutaneous melanomas. J Clin Oncol 21:1326-31. 
 
Bong JL, Herd RM, Hunter JA (2002): Incisional biopsy and 
melanoma prognosis. J Am Acad Dermatol 46:690-4. 
 
Brady MS, Akhurst T, Spanknebel K, et al. (2006): Utility 
of preoperative [(18)]f fluorodeoxyglucose-positron 
emission tomography scanning in high-risk melanoma 
patients. Ann Surg Oncol 13:525-32. 
 
Brand CU, Ellwanger U, Stroebel W, et al. (1997): Pro-
longed survival of 2 years or longer for patients with dis-
seminated melanoma. An analysis of related prognostic 
factors. Cancer 79:2345-53. 
 
Breslow A (1970): Thickness, cross-sectional areas and 
depth of invasion in the prognosis of cutaneous mela-
noma. Ann Surg 172:902-8. 
 
Breslow A (1975): Tumor thickness, level of invasion and 
node dissection in stage I cutaneous melanoma. Ann 
Surg 182:572-5. 
 
Burmeister BH, Mark Smithers B, Burmeister E, et al. 
(2006): A prospective phase II study of adjuvant postop-
erative radiation therapy following nodal surgery in ma-
lignant melanoma – Trans Tasman Radiation Oncology 
Group (TROG) Study 96.06. Radiother Oncol 81:136-
42. 
 
Busam KJ, Pulitzer M (2008): Sentinel lymph node biopsy 
for patients with diagnostically controversial Spitzoid 
melanocytic tumors? Adv Anat Pathol 15:253-62. 
 
Busby JE, Pettaway CA (2005): What's new in the man-
agement of penile cancer? Curr Opin Urol 15:350-7. 
 
Cabañas RM (1977): An approach for the treatment of 
penile carcinoma. Cancer 39:456-66. 
 
Cannon-Albright LA, Goldgar DE, Meyer LJ, et al. (1992): 
Assignment of a locus for familial melanoma, MLM, to 
chromosome 9p13-p22. Science 258:1148-52. 
Caracò C, Marone U, Botti G, Celentano E, Lastoria S, 
Mozzillo N (2006): Age as predictor in patients with 
cutaneous melanoma submitted to sentinel lymph node 
biopsy. Eur J Surg Oncol 32:970-3. 
 
Carlson GW (2004): Age and the incidence of sentinel 
lymph node metastases in melanoma. Ann Surg Oncol 
11:236-7. 
 
Carlson GW, Murray DR, Hestley A, Staley CA, Lyles 
RH, Cohen C (2003a): Sentinel lymph node mapping 
for thick (≥4-mm) melanoma: Should we be doing it? 
Ann Surg Oncol 10:408-15. 
 
Carlson GW, Murray DR, Lyles RH, Hestley A, Cohen C 
(2005): Sentinel lymph node biopsy in the manage-
ment of cutaneous head and neck melanoma. Plast Re-
constr Surg 115:721-8. 
 
Carlson GW, Murray DR, Lyles RH, Staley CA, Hestley 
A, Cohen C (2003b): The amount of metastatic mela-
noma in a sentinel lymph node: does it have prognostic 
significance? Ann Surg Oncol 10:575-81. 
 
Carlson GW, Murray DR, Thourani V, Hestley A, Cohen 
C (2002): The definition of the sentinel lymph node in 
melanoma based on radioactive counts. Ann Surg On-
col 9:929-33. 
 
Carson KF, Wen DR, Li PX, et al. (1996): Nodal nevi and 
cutaneous melanomas. Am J Surg Pathol 20:834-40. 
 
Cascinelli N, Belli F, Santinami M, et al. (2000): Sentinel 
lymph node biopsy in cutaneous melanoma: the WHO 
Melanoma Program experience. Ann Surg Oncol 
7:469-74. 
 
Cascinelli N, Bombardieri E, Bufalino R, et al. (2006): 
Sentinel and nonsentinel node status in stage IB and II 
melanoma patients: two-step prognostic indicators of 
survival. J Clin Oncol 24:4464-71. 
 
Cascinelli N, Morabito A, Santinami M, MacKie RM, 
Belli F (1998): Immediate or delayed dissection of re-
gional nodes in patients with melanoma of the trunk: a 
randomised trial. WHO Melanoma Programme. Lancet 
351:793-6. 
 
Cecchi R, Buralli L, Innocenti S, De Gaudio C (2007): 
Sentinel lymph node biopsy in patients with thin mela-
nomas. J Dermatol 34:512-5. 
 
Chagpar RB, Ross MI, Reintgen DS, et al. (2007): Fac-
tors associated with improved survival among young 
adult melanoma patients despite a greater incidence of 
sentinel lymph node metastasis. J Surg Res 143:164-8. 
 
Chamberlain AJ, Fritschi L, Kelly JW (2003): Nodular 
melanoma: patients' perceptions of presenting features 








Chang CK, Jacobs IA, Vizgirda VM, Salti GI (2003): 
Melanoma in the elderly patient. Arch Surg 138:1135-8. 
 
Chao C, Martin RC, 2nd, Ross MI, et al. (2004): Correla-
tion between prognostic factors and increasing age in 
melanoma. Ann Surg Oncol 11:259-64. 
 
Chao C, Wong SL, Edwards MJ, et al. (2003): Sentinel 
lymph node biopsy for head and neck melanomas. Ann 
Surg Oncol 10:21-6. 
 
Choi EA, Gershenwald JE (2007): Imaging studies in pa-
tients with melanoma. Surg Oncol Clin N Am 16:403-
30. 
 
Clark WH, Jr., Elder DE, Guerry Dt, et al. (1989): Model 
predicting survival in stage I melanoma based on tumor 
progression. J Natl Cancer Inst 81:1893-904. 
 
Clark WH, Jr., From L, Bernardino EA, Mihm MC (1969): 
The histogenesis and biologic behavior of primary hu-
man malignant melanomas of the skin. Cancer Res 
29:705-27. 
 
Cochran AJ (2000): The pathologist's role in sentinel lymph 
node evaluation. Semin Nucl Med 30:11-7. 
 
Cochran AJ, Balda BR, Starz H, et al. (2000a): The Augs-
burg Consensus. Techniques of lymphatic mapping, sen-
tinel lymphadenectomy, and completion lymphadenec-
tomy in cutaneous malignancies. Cancer 89:236-41. 
 
Cochran AJ, Binder S, Remotti F (1993): The role of mi-
croscopic evaluation in the management of cutaneous 
melanoma. Cancer Treat Res 65:69-102. 
 
Cochran AJ, Essner R, Rose DM, Glass EC (2000b): Prin-
ciples of sentinel lymph node identification: background 
and clinical implications. Langenbecks Arch Surg 
385:252-60. 
 
Cochran AJ, Huang RR, Lee J, Itakura E, Leong SP, Essner 
R (2006): Tumour-induced immune modulation of sen-
tinel lymph nodes. Nat Rev Immunol 6:659-70. 
 
Cochran AJ, Morton DL, Stern S, Lana AM, Essner R, 
Wen DR (2001): Sentinel lymph nodes show profound 
downregulation of antigen-presenting cells of the para-
cortex: implications for tumor biology and treatment. 
Mod Pathol 14:604-8. 
 
Cochran AJ, Ohsie SJ, Binder SW (2008): Pathobiology of 
the sentinel node. Curr Opin Oncol 20:190-5. 
 
Cochran AJ, Roberts A, Wen DR, et al. (2004a): Update on 
lymphatic mapping and sentinel node biopsy in the man-
agement of patients with melanocytic tumours. Pathol-
ogy 36:478-84. 
 
Cochran AJ, Wen DR, Herschman HR (1984): Occult 
melanoma in lymph nodes detected by antiserum to S-
100 protein. Int J Cancer 34:159-63. 
 
Cochran AJ, Wen DR, Huang RR, Wang HJ, Elashoff R, 
Morton DL (2004b): Prediction of metastatic mela-
noma in nonsentinel nodes and clinical outcome based 
on the primary melanoma and the sentinel node. Mod 
Pathol 17:747-55. 
 
Cohen T, BU.S.A.m KJ, Patel A, Brady MS (2008): 
Subungual melanoma: management considerations. 
Am J Surg 195:244-8. 
 
Cohn-Cedermark G, Rutqvist LE, Andersson R, et al. 
(2000): Long term results of a randomized study by the 
Swedish Melanoma Study Group on 2-cm versus 5-cm 
resection margins for patients with cutaneous mela-
noma with a tumor thickness of 0.8-2.0 mm. Cancer 
89:1495-501. 
 
Coory M, Baade P, Aitken J, Smithers M, McLeod GR, 
Ring I (2006): Trends for in situ and invasive mela-
noma in Queensland, Australia, 1982-2002. Cancer 
Causes Control 17:21-7. 
 
Cormier JN, Xing Y, Ding M, et al. (2005): Population-
based assessment of surgical treatment trends for pa-
tients with melanoma in the era of sentinel lymph node 
biopsy. J Clin Oncol 23:6054-62. 
 
Corona R, Mele A, Amini M, et al. (1996): Interobserver 
variability on the histopathologic diagnosis of cutane-
ous melanoma and other pigmented skin lesions. J Clin 
Oncol 14:1218-23. 
 
Coulie PG, Brichard V, Van Pel A, et al. (1994): A new 
gene coding for a differentiation antigen recognized by 
autologous cytolytic T lymphocytes on HLA-A2 
melanomas. J Exp Med 180:35-42. 
 
Cox KR, Hare WS, Bruce PT (1966): Lymphography in 
melanoma. Correlation of radiology with pathology. 
Cancer 19:637-47. 
 
Day CL, Jr., Harrist TJ, Gorstein F, et al. (1981): Malig-
nant melanoma. Prognostic significance of "micro-
scopic satellites" in the reticular dermis and subcutane-
ous fat. Ann Surg 194:108-12. 
 
de Vries E, Bray FI, Coebergh JW, Parkin DM (2003): 
Changing epidemiology of malignant cutaneous mela-
noma in Europe 1953-1997: rising trends in incidence 
and mortality but recent stabilizations in western 
Europe and decreases in Scandinavia. Int J Cancer 
107:119-26. 
 
de Vries E, Coebergh JW (2004): Cutaneous malignant 
melanoma in Europe. Eur J Cancer 40:2355-66. 
 
de Vries H, Mesters I, Riet JV, Willems K, Reubsaet A 
(2006): Motives of Belgian adolescents for using sun-
screen: the role of action plans. Cancer Epidemiol 






de Wilt JH, Thompson JF, Uren RF, et al. (2004): Correla-
tion between preoperative lymphoscintigraphy and me-
tastatic nodal disease sites in 362 patients with cutaneous 
melanomas of the head and neck. Ann Surg 239:544-52. 
 
Dewar DJ, Newell B, Green MA, Topping AP, Powell BW, 
Cook MG (2004): The microanatomic location of metas-
tatic melanoma in sentinel lymph nodes predicts nonsenti-
nel lymph node involvement. J Clin Oncol 22:3345-9. 
 
Dicker TJ, Kavanagh GM, Herd RM, et al. (1999): A ra-
tional approach to melanoma follow-up in patients with 
primary cutaneous melanoma. Scottish Melanoma 
Group. Br J Dermatol 140:249-54. 
 
Doubrovsky A, De Wilt JH, Scolyer RA, McCarthy WH, 
Thompson JF (2004): Sentinel node biopsy provides 
more accurate staging than elective lymph node dissec-
tion in patients with cutaneous melanoma. Ann Surg 
Oncol 11:829-36. 
 
Downard CD, Rapkin LB, Gow KW (2007): Melanoma in 
children and adolescents. Surg Oncol 16:215-20. 
 
Eicher SA, Clayman GL, Myers JN, Gillenwater AM 
(2002): A prospective study of intraoperative lymphatic 
mapping for head and neck cutaneous melanoma. Arch 
Otolaryngol Head Neck Surg 128:241-6. 
 
Elder DE, Gimotty PA, Guerry D (2005): Cutaneous mela-
noma: estimating survival and recurrence risk based on 
histopathologic features. Dermatol Ther 18:369-85. 
 
Elwood JM (1992): Melanoma and ultraviolet radiation. 
Clin Dermatol 10:41-50. 
 
Essner R, Conforti A, Kelley MC, et al. (1999): Efficacy of 
lymphatic mapping, sentinel lymphadenectomy, and se-
lective complete lymph node dissection as a therapeutic 
procedure for early-stage melanoma. Ann Surg Oncol 
6:442-9. 
 
Essner R, Lee JH, Wanek LA, Itakura H, Morton DL 
(2004): Contemporary surgical treatment of advanced-
stage melanoma. Arch Surg 139:961-6; discussion 966-
7. 
Estourgie SH, Nieweg OE, Kroon BB (2004): High inci-
dence of in-transit metastases after sentinel node biopsy 
in patients with melanoma. Br J Surg 91:1370-1. 
 
Estourgie SH, Nieweg OE, Valdes Olmos RA, Hoefnagel 
CA, Kroon BB (2003): Review and evaluation of senti-
nel node procedures in 250 melanoma patients with a 
median follow-up of 6 years. Ann Surg Oncol 10:681-8. 
 
Fee HJ, Robinson DS, Sample WF, Graham LS, Holmes 
EC, Morton DL (1978): The determination of lymph 
shed by colloidal gold scanning in patients with malig-
nant melanoma: a preliminary study. Surgery 84:626-32. 
 
Feit NE, Dusza SW, Marghoob AA (2004): Melanomas 
detected with the aid of total cutaneous photography. Br 
J Dermatol 150:706-14. 
Fincher TR, McCarty TM, Fisher TL, et al. (2003): Pat-
terns of recurrence after sentinel lymph node biopsy 
for cutaneous melanoma. Am J Surg 186:675-81. 
 
Finnish Cancer Registry. URL: http//:www.cancer.fi/ 
statistics/ 
 
Francken AB, Accortt NA, Shaw HM, et al. (2008): 
Prognosis and determinants of outcome following lo-
coregional or distant recurrence in patients with cuta-
neous melanoma. Ann Surg Oncol 15:1476-84. 
 
Francken AB, Bastiaannet E, Hoekstra HJ (2005): Fol-
low-up in patients with localised primary cutaneous 
melanoma. Lancet Oncol 6:608-21. 
 
Francken AB, Shaw HM, Thompson JF, et al. (2004): 
The prognostic importance of tumor mitotic rate con-
firmed in 1317 patients with primary cutaneous mela-
noma and long follow-up. Ann Surg Oncol 11:426-33. 
 
Gallagher BM, Fowler JS, Gutterson NI, MacGregor RR, 
Wan CN, Wolf AP (1978): Metabolic trapping as a 
principle of oradiopharmaceutical design: some factors 
resposible for the biodistribution of [18F] 2-deoxy-2-
fluoro-D-glucose. J Nucl Med 19:1154-61. 
 
Garbe C, Paul A, Kohler-Spath H, et al. (2003): Prospec-
tive evaluation of a follow-up schedule in cutaneous 
melanoma patients: recommendations for an effective 
follow-up strategy. J Clin Oncol 21:520-9. 
 
Gaynor R, Herschman HR, Irie R, Jones P, Morton D, 
Cochran A (1981): S100 protein: a marker for human 
malignant melanomas? Lancet 1:869-71. 
 
Gaynor R, Irie R, Morton D, Herschman HR (1980): 
S100 protein is present in cultured human malignant 
melanomas. Nature 286:400-1. 
 
Geller AC, Swetter SM, Brooks K, Demierre MF, Yaroch 
AL (2007): Screening, early detection, and trends for 
melanoma: current status (2000-2006) and future di-
rections. J Am Acad Dermatol 57:555-72; quiz 573-6. 
 
Gershenwald JE, Berman RS, Porter G, Mansfield PF, 
Lee JE, Ross MI (2000a): Regional nodal basin control 
is not compromised by previous sentinel lymph node 
biopsy in patients with melanoma. Ann Surg Oncol 
7:226-31. 
 
Gershenwald JE, Colome MI, Lee JE, et al. (1998): Pat-
terns of recurrence following a negative sentinel lymph 
node biopsy in 243 patients with stage I or II mela-
noma. J Clin Oncol 16:2253-60. 
 
Gershenwald JE, Mansfield PF, Lee JE, Ross MI (2000b): 
Role for lymphatic mapping and sentinel lymph node 
biopsy in patients with thick (> or = 4 mm) primary 






Gershenwald JE, Thompson W, Mansfield PF, et al. 
(1999): Multi-institutional melanoma lymphatic map-
ping experience: the prognostic value of sentinel lymph 
node status in 612 stage I or II melanoma patients. J Clin 
Oncol 17:976-83. 
 
Gerstenblith MR, Goldstein AM, Tucker MA, Fraser MC 
(2007): Genetic testing for melanoma predisposition: 
current challenges. Cancer Nurs 30:452-9; quiz 462-3. 
 
Gietema HA, Vuylsteke RJ, de Jonge IA, et al. (2004): 
Sentinel lymph node investigation in melanoma: detailed 
analysis of the yield from step sectioning and immuno-
histochemistry. J Clin Pathol 57:618-20. 
 
Gilchrest BA, Eller MS, Geller AC, Yaar M (1999): The 
pathogenesis of melanoma induced by ultraviolet radia-
tion. N Engl J Med 340:1341-8. 
 
Gillgren P, Månsson-Brahme E, Frisell J, Johansson H, 
Larsson O, Ringborg U (1999): Epidemiological charac-
teristics of cutaneous malignant melanoma of the head 
and neck. A Population-based study. Acta Oncol 38: 
1069-74. 
 
Gimotty PA, Elder DE, Fraker DL, et al. (2007): Identifica-
tion of high-risk patients among those diagnosed with 
thin cutaneous melanomas. J Clin Oncol 25:1129-34. 
 
Gold JS, Jaques DP, BU.S.A.m KJ, Brady MS, Coit DG 
(2007): Yield and predictors of radiologic studies for 
identifying distant metastases in melanoma patients with 
a positive sentinel lymph node biopsy. Ann Surg Oncol 
14:2133-40. 
 
González U (2007): Cloud over sentinel node biopsy: 
unlikely survival benefit in melanoma. Arch Dermatol 
143:775-6. 
 
Gould EA, Winship T, Philbin PH, Kerr HH (1960): Ob-
servations on a "sentinel node" in cancer of the parotid. 
Cancer 13:77-8. 
 
Gown AM, Vogel AM, Hoak D, Gough F, McNutt MA 
(1986): Monoclonal antibodies specific for melanocytic 
tumors distinguish subpopulations of melanocytes. Am J 
Pathol 123:195-203. 
 
Grant-Kels JM, Bason ET, Grin CM (1999): The misdiag-
nosis of malignant melanoma. J Am Acad Dermatol 
40:539-48. 
 
Green A, MacLennan R, Siskind V (1985): Common ac-
quired naevi and the risk of malignant melanoma. Int J 
Cancer 35:297-300. 
 
Greene MH (1999): The genetics of hereditary melanoma 
and nevi. 1998 update. Cancer 86:2464-77. 
 
Greene MH, Tucker MA, Clark WH, Jr., Kraemer KH, 
Elder DE, Fraser MC (1987): Hereditary melanoma and 
the dysplastic nevus syndrome: the risk of cancers other 
than melanoma. J Am Acad Dermatol 16:792-7. 
Gritters LS, Francis IR, Zasadny KR, Wahl RL (1993): 
Initial assessment of positron emission tomography us-
ing 2-fluorine-18-fluoro-2-deoxy-D-glucose in the im-
aging of malignant melanoma. J Nucl Med 34:1420-7. 
 
Grob JJ, Gouvernet J, Aymar D, et al. (1990): Count of 
benign melanocytic nevi as a major indicator of risk 
for nonfamilial nodular and superficial spreading 
melanoma. Cancer 66:387-95. 
 
Guitart J, Lowe L, Piepkorn M, et al. (2002): Histological 
characteristics of metastasizing thin melanomas: a 
case-control study of 43 cases. Arch Dermatol 
138:603-8. 
 
Gutzmer R, Al Ghazal M, Geerlings H, Kapp A (2005): 
Sentinel node biopsy in melanoma delays recurrence 
but does not change melanoma-related survival: a ret-
rospective analysis of 673 patients. Br J Dermatol 
153:1137-41. 
 
Hafner J, Schmid MH, Kempf W, et al. (2004): Baseline 
staging in cutaneous malignant melanoma. Br J Der-
matol 150:677-86. 
 
Haigh PI, DiFronzo LA, McCready DR (2003): Optimal 
excision margins for primary cutaneous melanoma: a 
systematic review and meta-analysis. Can J Surg 
46:419-26. 
 
Hansen CB, Wadge LM, Lowstuter K, Boucher K, 
Leachman SA (2004): Clinical germline genetic testing 





Havenga K, Cobben DC, Oyen WJ, et al. (2003): Fluoro-
deoxyglucose-positron emission tomography and sen-
tinel lymph node biopsy in staging primary cutaneous 
melanoma. Eur J Surg Oncol 29:662-4. 
 
Hayward NK (2003): Genetics of melanoma predisposi-
tion. Oncogene 22:3053-62. 
 
Henderson MA (2006): Completion lymphadenectomy 
for melanoma patients with a positive sentinel node bi-
opsy remains standard of care. Ann Surg Oncol 
13:761-3. 
 
Hershko DD, Robb BW, Lowy AM, et al. (2006): Senti-
nel lymph node biopsy in thin melanoma patients. J 
Surg Oncol 93:279-85. 
 
Ho Shon IA, Chung DK, Saw RP, Thompson JF (2008): 
Imaging in cutaneous melanoma. Nucl Med Commun 
29:847-76. 
 
Holder WD, Jr., White RL, Jr., Zuger JH, Easton EJ, Jr., 
Greene FL (1998): Effectiveness of positron emission 
tomography for the detection of melanoma metastases. 






Holme SA, Varma S, Chowdhury MM, Roberts DL (2001): 
Audit of a melanoma screening day in the U.K.: clinical 
results, participant satisfaction and perceived value. Br J 
Dermatol 145:784-8. 
 
Horn J, Lock-Andersen J, Sjøstrand H, Loft A (2006): 
Routine use of FDG-PET scans in melanoma patients 
with positive sentinel node biopsy. Eur J Nucl Med Im-
aging 33:887-92. 
 
Hussussian CJ, Struewing JP, Goldstein AM, et al. (1994): 
Germline p16 mutations in familial melanoma. Nat 
Genet 8:15-21. 
 
Ilmonen S, Asko-Seljavaara S, Kariniemi AL, Jeskanen L, 
Pyrhonen S, Muhonen T (2002): Prognosis of primary 
melanoma. Scand J Surg 91:166-71. 
 
Jacobs IA, Chang CK, DasGupta TK, Salti GI (2003): Role 
of sentinel lymph node biopsy in patients with thin (<1 
mm) primary melanoma. Ann Surg Oncol 10:558-61. 
 
Jansen L, Nieweg OE, Peterse JL, Hoefnagel CA, Olmos 
RA, Kroon BB (2000): Reliability of sentinel lymph 
node biopsy for staging melanoma. Br J Surg 87:484-9. 
 
Johnson TM, Sondak VK, Bichakjian CK, Sabel MS (2006): 
The role of sentinel lymph node biopsy for melanoma: 
evidence assessment. J Am Acad Dermatol 54:19-27. 
 
Kalimo K, Jansen CT, Kormano M (1981): Sensitivity to 
Patent Blue dye during skin-prick testing and 
lymphography. A retrospective and prospective study. 
Radiology 141:365-7. 
 
Kamb A, Shattuck-Eidens D, Eeles R, et al. (1994): Analy-
sis of the p16 gene (CDKN2) as a candidate for the 
chromosome 9p melanoma susceptibility locus. Nat 
Genet 8:23-6. 
 
Kang JC, Wanek LA, Essner R, Faries MB, Foshag LJ, 
Morton DL (2005): Sentinel lymphadenectomy does not 
increase the incidence of in-transit metastases in primary 
melanoma. J Clin Oncol 23:4764-70. 
 
Kanzler MH (2007): The current status of evaluation and 
treatment of high-risk cutaneous melanoma: therapeutic 
breakthroughs remain elusive. Arch Dermatol 143:785-7. 
 
Kanzler MH, Mraz-Gernhard S (2001): Primary cutaneous 
malignant melanoma and its precursor lesions: diagnos-
tic and therapeutic overview. J Am Acad Dermatol 
45:260-76. 
 
Kashani-Sabet M, Sagebiel RW, Ferreira CM, Nosrati M, 
Miller JR, 3rd (2001): Vascular involvement in the 
prognosis of primary cutaneous melanoma. Arch Der-
matol 137:1169-73. 
 
Kawakami Y, Eliyahu S, Delgado CH, et al. (1994): Clon-
ing of the gene coding for a shared human melanoma an-
tigen recognized by autologous T cells infiltrating into 
tumor. Proc Natl Acad Sci U S A 91:3515-9. 
Keleher A, Wendt R, 3rd, Delpassand E, Stachowiak AM, 
Kuerer HM (2004): The safety of lymphatic mapping 
in pregnant breast cancer patients using Tc-99m sulfur 
colloid. Breast J 10:492-5. 
 
Kettlewell S, Moyes C, Bray C, et al. (2006): Value of 
sentinel node status as a prognostic factor in mela-
noma: prospective observational study. Bmj 332:1423. 
 
Khayat D, Rixe O, Martin G, et al. (2003): Surgical mar-
gins in cutaneous melanoma (2 cm versus 5 cm for le-
sions measuring less than 2.1-mm thick). Cancer 
97:1941-6. 
 
Kinmonth JB, Taylor GW, Harper RK (1955): Lymphan-
giography; a technique for its clinical use in the lower 
limb. Br Med J 1:940-2. 
 
Kirkwood JM, Ibrahim JG, Sondak VK, et al. (2000): 
High- and low-dose interferon alfa-2b in high-risk 
melanoma: first analysis of intergroup trial 
E1690/S9111/C9190. J Clin Oncol 18:2444-58. 
 
Kirkwood JM, Ibrahim JG, Sosman JA, et al. (2001): 
High-dose interferon alfa-2b significantly prolongs re-
lapse-free and overall survival compared with the 
GM2-KLH/QS-21 vaccine in patients with resected 
stage IIB-III melanoma: results of intergroup trial 
E1694/S9512/C509801. J Clin Oncol 19:2370-80. 
 
Kirkwood JM, Manola J, Ibrahim J, Sondak V, Ernstoff 
MS, Rao U (2004): A pooled analysis of eastern coop-
erative oncology group and intergroup trials of adju-
vant high-dose interferon for melanoma. Clin Cancer 
Res 10:1670-7. 
 
Kirkwood JM, Strawderman MH, Ernstoff MS, Smith TJ, 
Borden EC, Blum RH (1996): Interferon alfa-2b adju-
vant therapy of high-risk resected cutaneous mela-
noma: the Eastern Cooperative Oncology Group Trial 
EST 1684. J Clin Oncol 14:7-17. 
 
Kittler H, Pehamberger H, Wolff K, Binder M (2002): 
Diagnostic accuracy of dermoscopy. Lancet Oncol 
3:159-65. 
 
Koch SE, Lange JR (2000): Amelanotic melanoma: the 
great masquerader. J Am Acad Dermatol 42:731-4. 
 
Koopal SA, Tiebosch AT, Albertus Piers D, Plukker JT, 
Schraffordt Koops H, Hoekstra HJ (2000): Frozen sec-
tion analysis of sentinel lymph nodes in melanoma pa-
tients. Cancer 89:1720-5. 
 
Krag DN, Meijer SJ, Weaver DL, et al. (1995): Minimal-
access surgery for staging of malignant melanoma. 
Arch Surg 130:654-8; discussion 659-60. 
 
Kretschmer L, Hilgers R, Mohrle M, et al. (2004): Pa-
tients with lymphatic metastasis of cutaneous malig-
nant melanoma benefit from sentinel lymphonodec-






Lee JH, Essner R, Torisu-Itakura H, Wanek L, Wang H, 
Morton DL (2004): Factors predictive of tumor-positive 
nonsentinel lymph nodes after tumor-positive sentinel 
lymph node dissection for melanoma. J Clin Oncol 
22:3677-84. 
 
Lees VC, Briggs JC (1991): Effect of initial biopsy proce-
dure on prognosis in Stage 1 invasive cutaneous malig-
nant melanoma: review of 1086 patients. Br J Surg 
78:1108-10. 
 
Leiter U, Buettner PG, Eigentler TK, Garbe C (2004): 
Prognostic factors of thin cutaneous melanoma: an 
analysis of the central malignant melanoma registry of 
the german dermatological society. J Clin Oncol 
22:3660-7. 
 
Lens M (2006): Cutaneous melanoma: interferon alpha 
adjuvant therapy for patients at high risk for recurrent 
disease. Dermatol Ther 19:9-18. 
 
Lens MB, Dawes M (2004): Global perspectives of con-
temporary epidemiological trends of cutaneous malig-
nant melanoma. Br J Dermatol 150:179-85. 
 
Lens MB, Dawes M, Newton-Bishop JA, Goodacre T 
(2002): Tumour thickness as a predictor of occult lymph 
node metastases in patients with stage I and II melanoma 
undergoing sentinel lymph node biopsy. Br J Surg 
89:1223-7. 
 
Lens MB, Nathan P, Bataille V (2007): Excision margins 
for primary cutaneous melanoma: updated pooled analy-
sis of randomized controlled trials. Arch Surg 142:885-
91; discussion 891-3. 
 
Leong SP, Accortt NA, Essner R, et al. (2006): Impact of 
sentinel node status and other risk factors on the clinical 
outcome of head and neck melanoma patients. Arch 
Otolaryngol Head Neck Surg 132:370-3. 
 
Leong SP, Steinmetz I, Habib FA, et al. (1997): Optimal 
selective sentinel lymph node dissection in primary ma-
lignant melanoma. Arch Surg 132:666-72; discussion 
673. 
 
Li LX, Scolyer RA, Ka VS, et al. (2003): Pathologic review 
of negative sentinel lymph nodes in melanoma patients 
with regional recurrence: a clinicopathologic study of 
1152 patients undergoing sentinel lymph node biopsy. 
Am J Surg Pathol 27:1197-202. 
 
Lin D, Franc BL, Kashani-Sabet M, Singer MI (2006): 
Lymphatic drainage patterns of head and neck cutaneous 
melanoma observed on lymphoscintigraphy and sentinel 
lymph node biopsy. Head Neck 28:249-55. 
 
Lindholm C, Andersson R, Dufmats M, et al. (2004): Inva-
sive cutaneous malignant melanoma in Sweden, 1990-
1999. A prospective, population-based study of survival 
and prognostic factors. Cancer 101:2067-78. 
 
Lindholm P, Minn H, Leskinen-Kallio S, Bergman J, 
Ruotsalainen U, Joensuu H (1993): Influence of the 
blood glucose concentration on FDG uptake in cancer-
-a PET study. J Nucl Med 34:1-6. 
 
Liu V, Mihm MC (2003): Pathology of malignant mela-
noma. Surg Clin North Am 83:31-60, v. 
 
Livestro DP, Kaine EM, Michaelson JS, et al. (2007): 
Melanoma in the young: differences and similarities 
with adult melanoma: a case-matched controlled 
analysis. Cancer 110:614-24. 
 
Lloyd MS, Topping A, Allan R, Powell B (2004): Contra-
indications to sentinel lymph node biopsy in cutaneous 
malignant melanoma. Br J Plast Surg 57:725-7. 
 
Lock-Andersen J, Horn J, Sjøstrand H, Meinecke Nürn-
berg B, Stokholm KH (2006): Sentinel node biopsy in 
cutaneous melanoma. Scand J Plast Reconstr Surg 
Hand Surg 40: 24-31. 
 
Lock-Andersen J, Rossing N, Drzewiecki KT (1989): 
Preoperative cutaneous lymphoscintigraphy in malig-
nant melanoma. Cancer 63:77-82. 
 
Lohmann CM, Coit DG, Brady MS, Berwick M, 
B m KJ (2002): Sentinel lymph node biopsy in 
patients with diagnostically controversial spitzoid 
melanocytic tumors. Am J Surg Pathol 26:47-55. 
 
Loree TR, Tomljanovich PI, Cheney RT, Hicks WL, Jr., 
Rigual NR (2006): Intraparotid sentinel lymph node 
biopsy for head and neck melanoma. Laryngoscope 
116:1461-4. 
 
Marks R (2000): Epidemiology of melanoma. Clin Exp 
Dermatol 25:459-63. 
 
Matter M, Lalonde MN, Allaoua M, et al. (2007): The 
role of interval nodes in sentinel lymph node mapping 
and dissection for melanoma patients. J Nucl Med 
48:1607-13. 
 
Mattsson J, Bergkvist L, Abdiu A, et al. (2008): Sentinel 
node biopsy in malignant melanoma: Swedish experi-
ences 1997-2005. Acta Oncol, in press. 
 
McCarthy WH (2004): The Australian experience in sun 
protection and screening for melanoma. J Surg Oncol 
86:236-45. 
 
McGovern VJ (1975): Spontaneous regression of mela-
noma. Pathology 7:91-9. 
 
McGovern VJ, Cochran AJ, Van der Esch EP, Little JH, 
MacLennan R (1986): The classification of malignant 
melanoma, its histological reporting and registration: a 








McGovern VJ, Mihm MC, Jr., Bailly C, et al. (1973): The 
classification of malignant melanoma and its histologic 
reporting. Cancer 32:1446-57. 
 
McGovern VJ, Shaw HM, Milton GW, McCarthy WH 
(1982): Ulceration and prognosis in cutaneous malignant 
melanoma. Histopathology 6:399-407. 
 
McHenry PM, Hole DJ, MacKie RM (1992): Melanoma in 
people aged 65 and over in Scotland, 1979-89. Bmj 
304:746-9. 
 
McKinnon JG, Yu XQ, McCarthy WH, Thompson JF 
(2003): Prognosis for patients with thin cutaneous mela-
noma: long-term survival data from New South Wales 
Central Cancer Registry and the Sydney Melanoma 
Unit. Cancer 98:1223-31. 
 
McLeod GR, Davis NC, Sober AJ (2003): A history of 
melanoma from Hunter to Clark. In: Balch C, Sober A, 
Houghton G, Soong SJ, eds. Cutaneous Melanoma. 4th 
ed. St.Louis, Mo: Quality Medical Publishing: 1-12. 
 
McMasters KM, Wong SL, Edwards MJ, et al. (2002): 
Frequency of nonsentinel lymph node metastasis in 
melanoma. Ann Surg Oncol 9:137-41. 
 
McPeak CJ, Constantinides SG (1964): Lymphangiography 
in Malignant Melanoma; a Comparison of Clinicopa-
thological and Lymphangiographic Findings in 21 
Cases. Cancer 17:1586-94. 
 
Mehregan AH, Mehregan DA (1993): Malignant mela-
noma in childhood. Cancer 71:4096-103. 
 
Meier F, Will S, Ellwanger U, et al. (2002): Metastatic 
pathways and time courses in the elderly progression of 
cutaneous melanoma. Br J Dermatol 147: 62-70. 
 
Mendenhall WM, Amdur RJ, Grobmyer SR, et al. (2008): 
Adjuvant radiotherapy for cutaneous melanoma. Cancer 
112:1189-96. 
 
Mocellin S, Hoon DS, Pilati P, Rossi CR, Nitti D (2007): 
Sentinel lymph node molecular ultrastaging in patients 
with melanoma: a systematic review and meta-analysis 
of prognosis. J Clin Oncol 25:1588-95. 
 
Montague M, Borland R, Sinclair C (2001): Slip! Slop! 
Slap! and SunSmart, 1980-2000: Skin cancer control and 
20 years of population-based campaigning. Health Educ 
Behav 28:290-305. 
 
Morton DL, Cochran AJ (2004): The case for lymphatic 
mapping and sentinel lymphadenectomy in the man-
agement of primary melanoma. Br J Dermatol 151:308-
19. 
 
Morton DL, Cochran AJ, Thompson JF, et al. (2005): 
Sentinel node biopsy for early-stage melanoma: accu-
racy and morbidity in MSLT-I, an international multi-
center trial. Ann Surg 242:302-11; discussion 311-3. 
 
Morton DL, Scheri RP, Balch CM (2007): Can completion 
lymph node dissection be avoided for a positive sentinel 
node in melanoma? Ann Surg Oncol 14:2437-9. 
 
Morton DL, Thompson JF, Cochran AJ, et al. (2006): 
Sentinel-node biopsy or nodal observation in mela-
noma. N Engl J Med 355:1307-17. 
 
Morton DL, Thompson JF, Essner R, et al. (1999): Vali-
dation of the accuracy of intraoperative lymphatic 
mapping and sentinel lymphadenectomy for early-
stage melanoma: a multicenter trial. Multicenter Selec-
tive Lymphadenectomy Trial Group. Ann Surg 
230:453-63; discussion 463-5. 
Morton DL, Wen DR, Wong JH, et al. (1992): Technical 
details of intraoperative lymphatic mapping for early 
stage melanoma. Arch Surg 127:392-9. 
 
Murray CS, Stockton DL, Doherty VR (2005): Thick 
melanoma: the challenge persists. Br J Dermatol 
152:104-9. 
 
Müller-Horvat C, Radny P, Eigentler TK, et al. (2006): 
Prospective comparison of the impact on treatment de-
cisions of whole-body magnetic resonance imaging 
and computed tomography in patients with metastatic 
malignant melanoma. Eur J Cancer 42:342-50. 
 
Månsson-Brahme E, Johansson H, Larsson O, Rutqvist 
LE, Ringborg U (2002): Trends in incidence of cuta-
neous malignant melanoma in a Swedish population 
1976-1994. Acta Oncol 41:138-46. 
 
Möhrle M, Hafner HM (2002): Is subungual melanoma 
related to trauma? Dermatology 204:259-61. 
 
Möhrle M, Schippert W, Rassner G, Garbe C, Breuninger 
H (2004): Is sentinel lymph node biopsy of therapeutic 
relevance for melanoma? Dermatology 209:5-13. 
 
Neuhaus SJ, Clark MA, Thomas JM (2004): Dr. Herbert 
Lumley Snow, MD, MRCS (1847-1930): the original 
champion of elective lymph node dissection in mela-
noma. Ann Surg Oncol 11:875-8. 
 
Neuman HB, Patel A, Hanlon C, Wolchok JD, Houghton 
AN, Coit DG (2007): Stage-IV melanoma and pulmo-
nary metastases: factors predictive of survival. Ann 
Surg Oncol 14:2847-53. 
 
Nieweg OE, Estourgie SH (2004): What is a sentinel node 
and what is a false-negative sentinel node? Ann Surg 
Oncol 11:169S-73S. 
 
O'Brien CJ, Coates AS, Petersen-Schaefer K, et al. 
(1991): Experience with 998 cutaneous melanomas of 
the head and neck over 30 years. Am J Surg 162:310-
4. 
 
O'Brien CJ, Uren RF, Thompson JF, et al. (1995): Predic-
tion of potential metastatic sites in cutaneous head and 






Oivanen T, Kojo K, Pylkkanen L, Holli K, Auvinen A 
(2008): Early detection of skin cancer as public health 
policy: comparison of campaign and routine activity. 
Prev Med 46:160-5. 
 
Oliveira Filho RS, Ferreira LM, Biasi LJ, Enokihara MM, 
Paiva GR, Wagner J (2003): Vertical growth phase and 
positive sentinel node in thin melanoma. Braz J Med 
Biol Res 36:347-50. 
 
Ollila DW, Foshag LJ, Essner R, Stern SL, Morton DL 
(1999a): Parotid region lymphatic mapping and sentinel 
lymphadenectomy for cutaneous melanoma. Ann Surg 
Oncol 6:150-4. 
 
Ollila DW, Hsueh EC, Stern SL, Morton DL (1999b): 
Metastasectomy for recurrent stage IV melanoma. J Surg 
Oncol 71:209-13. 
 
Palmieri G, Casula M, Sini MC, Ascierto PA, Cossu A 
(2007): Issues affecting molecular staging in the man-
agement of patients with melanoma. J Cell Mol Med 
11:1052-68. 
 
Pawlik TM, Ross MI, Thompson JF, Eggermont AM, 
Gershenwald JE (2005): The risk of in-transit melanoma 
metastasis depends on tumor biology and not the surgi-
cal approach to regional lymph nodes. J Clin Oncol 
23:4588-90. 
 
Pawlik TM, Zorzi D, Abdalla EK, et al. (2006): Hepatic 
resection for metastatic melanoma: distinct patterns of 
recurrence and prognosis for ocular versus cutaneous 
disease. Ann Surg Oncol 13:712-20. 
 
Perinetti E, Crane DB, Catalona WJ (1980): Unreliability 
of sentinel lymph node biopsy for staging penile carci-
noma. J Urol 124:734-5. 
 
Petersen RP, Hanish SI, Haney JC, et al. (2007): Improved 
survival with pulmonary metastasectomy: an analysis of 
1720 patients with pulmonary metastatic melanoma. J 
Thorac Cardiovasc Surg 133:104-10. 
 
Phelps ME, Hoffman EJ, Mullani NA, Ter-Pogossian MM 
(1975): Application of annihilation coincidence detec-
tion to transaxial reconstruction tomography. J Nucl 
Med 16:210-24. 
 
Poo-Hwu WJ, Ariyan S, Lamb L, et al. (1999): Follow-up 
recommendations for patients with American Joint 
Committee on Cancer Stages I-III malignant melanoma. 
Cancer 86:2252-8. 
 
Prichard RS, Hill AD, Skehan SJ, O'Higgins NJ (2002): 
Positron emission tomography for staging and manage-
ment of malignant melanoma. Br J Surg 89:389-96. 
 
Puleo CA, Messina JL, Riker AI, et al. (2005): Sentinel 
node biopsy for thin melanomas: which patients should 
be considered? Cancer Control 12:230-5. 
 
Ranieri JM, Wagner JD, Wenck S, Johnson CS, Coleman 
JJ, 3rd (2006): The prognostic importance of sentinel 
lymph node biopsy in thin melanoma. Ann Surg Oncol 
13:927-32. 
 
Reeves ME, Delgado R, Busam KJ, Brady MS, Coit DG 
(2003): Prediction of nonsentinel lymph node status in 
melanoma. Ann Surg Oncol 10:27-31. 
Reintgen D, Cruse CW, Wells K, et al. (1994): The or-
derly progression of melanoma nodal metastases. Ann 
Surg 220:759-67. 
 
Reynolds HM, Dunbar PR, Uren RF, Blackett SA, 
Thompson JF, Smith NP (2007): Three-dimensional 
visualisation of lymphatic drainage patterns in patients 
with cutaneous melanoma. Lancet Oncol 8:806-12. 
 
Ringborg U, Andersson R, Eldh J, et al. (1996): Resection 
margins of 2 versus 5 cm for cutaneous malignant 
melanoma with a tumor thickness of 0.8 to 2.0 mm: 
randomized study by the Swedish Melanoma Study 
Group. Cancer 77:1809-14. 
 
Rinne D, Baum RP, Hor G, Kaufmann R (1998): Primary 
staging and follow-up of high risk melanoma patients 
with whole-body 18F-fluorodeoxyglucose positron 
emission tomography: results of a prospective study of 
100 patients. Cancer 82:1664-71. 
 
Roaten JB, Partrick DA, Bensard D, et al. (2005): Sur-
vival in sentinel lymph node-positive pediatric mela-
noma. J Pediatr Surg 40:988-92; discussion 992. 
 
Roka F, Mastan P, Binder M, et al. (2008): Prediction of 
nonsentinel node status and outcome in sentinel node-
positive melanoma patients. Eur J Surg Oncol 34:82-8. 
 
Ronan SG, Eng AM, Briele HA, Shioura NN, Das Gupta 
TK (1987): Thin malignant melanomas with regression 
and metastases. Arch Dermatol 123:1326-30. 
 
Roozendaal GK, de Vries JD, van Poll D, et al. (2001): 
Sentinel nodes outside lymph node basins in patients 
with melanoma. Br J Surg 88:305-8. 
 
Rosenberg SA (2008): Why perform sentinel-lymph-node 
biopsy in patients with melanoma? Nat Clin Pract On-
col 5:1. 
 
Roses DF, Harris MN, Rigel D, Carrey Z, Friedman R, 
Kopf AW (1983): Local and in-transit metastases fol-
lowing definitive excision for primary cutaneous ma-
lignant melanoma. Ann Surg 198:65-9. 
 
Rossi CR, De Salvo GL, Bonandini E, et al. (2008): Fac-
tors predictive of nonsentinel lymph node involvement 
and clinical outcome in melanoma patients with metas-
tatic sentinel lymph node. Ann Surg Oncol 15:1202-
10. 
 
Russell-Jones R (2005): Sentinel node and survival in 






Rutkowski P, Nowecki ZI, Nasierowska-Guttmejer A, 
Ruka W (2003): Lymph node status and survival in cu-
taneous malignant melanoma--sentinel lymph node bi-
opsy impact. Eur J Surg Oncol 29:611-8. 
 
Sabel MS, Griffith KA, Arora A, et al. (2007): Inguinal 
node dissection for melanoma in the era of sentinel 
lymph node biopsy. Surgery: 142:749–60 
 
Sahin S, Levin L, Kopf AW et al. (1998): Risk of mela-
noma in medium-sized congenital melanocytic nevi: A 
follow-up study. J Am Acad Dermatol 39:428-33. 
 
Sappey MPC (1874): Anatomie, Physiologie des Vaisseaux 
Lymphatiques considérés chez l´Homme et les Verté-
brés. Paris: A Dehahaye et E Lecrosnier. 
 
Satyamoorthy K, Herlyn M (2002): Cellular and molecular 
biology of human melanoma. Cancer Biol Ther 1:14-7. 
 
Satzger I, Volker B, Al Ghazal M, Meier A, Kapp A, 
Gutzmer R (2007): Prognostic significance of histopa-
thological parameters in sentinel nodes of melanoma pa-
tients. Histopathology 50:764-72. 
 
Scheri RP, Essner R, Turner RR, Ye X, Morton DL (2007): 
Isolated tumor cells in the sentinel node affect long-term 
prognosis of patients with melanoma. Ann Surg Oncol 
14:2861-6. 
 
Scoggins CR, Ross MI, Reintgen DS, et al. (2006): Pro-
spective multi-institutional study of reverse transcriptase 
polymerase chain reaction for molecular staging of 
melanoma. J Clin Oncol 24:2849-57. 
 
Scolyer RA, Li LX, McCarthy SW, et al. (2004a): Micro-
morphometric features of positive sentinel lymph nodes 
predict involvement of nonsentinel nodes in patients 
with melanoma. Am J Clin Pathol 122:532-9. 
 
Scolyer RA, Murali R, Gershenwald JE, Cochran AJ, 
Thompson JF (2007): Clinical relevance of melanoma 
micrometastases in sentinel nodes: too early to tell. Ann 
Oncol 18:806-8. 
 
Scolyer RA, Shaw HM, Thompson JF, et al. (2003): In-
terobserver reproducibility of histopathologic prognostic 
variables in primary cutaneous melanomas. Am J Surg 
Pathol 27:1571-6. 
 
Scolyer RA, Thompson JF, McCarthy SW (2004b): Senti-
nel lymph nodes in malignant melanoma: extended 
histopathologic evaluation improves diagnostic preci-
sion. Cancer 101:2141-2; author reply 2142-3. 
 
Selverstone B, Solomon AK (1948): Radioactive isotopes 
in the study of intracranial tumors; preliminary report of 
methods and results. Trans Am Neurol Assoc 73:115-9. 
 
Shah GD, Chapman PB (2007): Adjuvant therapy of mela-
noma. Cancer J 13:217-22. 
 
Shidham VB, Qi DY, Acker S, et al. (2001): Evaluation 
of micrometastases in sentinel lymph nodes of cutane-
ous melanoma: higher diagnostic accuracy with 
Melan-A and MART-1 compared with S-100 protein 
and HMB-45. Am J Surg Pathol 25:1039-46. 
 
Sibon C, Chagnon S, Tchakerian A, et al. (2007): The 
contribution of high-resolution ultrasonography in pre-
operatively detecting sentinel-node metastases in 
melanoma patients. Melanoma Res 17:233-7. 
 
Sim FH, Taylor WF, Pritchard DJ, Soule EH (1986): 
Lymphadenectomy in the management of stage I ma-
lignant melanoma: a prospective randomized study. 
Mayo Clin Proc 61:697-705. 
 
Sober AJ, Chuang TY, Duvic M, et al. (2001): Guidelines 
of care for primary cutaneous melanoma. J Am Acad 
Dermatol 45:579-86. 
 
Sondak VK, Taylor JM, Sabel MS, et al. (2004): Mitotic 
rate and younger age are predictors of sentinel lymph 
node positivity: lessons learned from the generation of 
a probabilistic model. Ann Surg Oncol 11:247-58. 
 
Stang A, Pukkala E, Sankila R, Soderman B, Hakulinen T 
(2006): Time trend analysis of the skin melanoma in-
cidence of Finland from 1953 through 2003 including 
16,414 cases. Int J Cancer 119:380-4. 
 
Starritt EC, Uren RF, Scolyer RA, Quinn MJ, Thompson 
JF (2005): Ultrasound examination of sentinel nodes in 
the initial assessment of patients with primary cutane-
ous melanoma. Ann Surg Oncol 12:18-23. 
 
Starz H (2004): Pathology of the sentinel lymph node in 
melanoma. Semin Oncol 31:357-62. 
 
Starz H, Balda BR (2007): Benefit of sentinel lym-
phadenectomy for patients with nonulcerated cutane-
ous melanomas in the Breslow range between 0.76 and 
1 mm: a follow-up study of 148 patients. Int J Cancer 
121:689-93. 
 
Starz H, Balda BR, Kramer KU, Buchels H, Wang H 
(2001): A micromorphometry-based concept for rou-
tine classification of sentinel lymph node metastases 
and its clinical relevance for patients with melanoma. 
Cancer 91:2110-21. 
 
Starz H, Siedlecki K, Balda BR (2004): Sentinel lym-
phonodectomy and s-classification: a successful strat-
egy for better prediction and improvement of outcome 
of melanoma. Ann Surg Oncol 11:162S-8S. 
 
Statius Müller MG, van Leeuwen PA, de Lange-De Klerk 
ES, et al. (2001): The sentinel lymph node status is an 
important factor for predicting clinical outcome in pa-







Statius Müller MG, van Leeuwen PA, van Diest PJ, et al. 
(2002): Pattern and incidence of first site recurrences 
following sentinel node procedure in melanoma patients. 
World J Surg 26:1405-11. 
 
Stitzenberg KB, Groben PA, Stern SL, et al. (2004): Indica-
tions for lymphatic mapping and sentinel lymphadenec-
tomy in patients with thin melanoma (Breslow thickness 
≤1.0 mm). Ann Surg Oncol 11:900-6. 
 
Suominen E, Jahkola T, Jeskanen L, et al. (2005). Duo-
decim 121:2726-40. 
 
Swetter SM (2003): Dermatological perspectives of malig-
nant melanoma. Surg Clin North Am 83:77-95, vi. 
 
Swetter SM, Carroll LA, Johnson DL, Segall GM (2002): 
Positron emission tomography is superior to computed 
tomography for metastatic detection in melanoma pa-
tients. Ann Surg Oncol 9:646-53. 
 
Tanis PJ, Nieweg OE, van den Brekel MW, Balm AJ 
(2008). Dilemma of clinically node-negative head and 
neck melanoma: Outcome of "watch and wait" policy, 
elective lymph node dissection, and sentinel node bi-
opsy-A systematic review. Head Neck 30:380-9. 
 
Thomas JM (2006): Caution with sentinel node biopsy in 
cutaneous melanoma. Br J Surg 93:129-30. 
 
Thomas JM (2008a): Prognostic false-positivity of the 
sentinel node in melanoma. Nat Clin Pract Oncol 5:18-
23. 
 
Thomas JM (2008b): Sentinel lymph node biopsy in malig-
nant melanoma. Bmj 336:902-3. 
 
Thomas JM, Clark MA (2004): Selective lymphadenec-
tomy in sentinel node-positive patients may increase the 
risk of local/in-transit recurrence in malignant mela-
noma. Eur J Surg Oncol 30:686-91. 
 
Thomas JM, Newton-Bishop J, A'Hern R, et al. (2004): 
Excision margins in high-risk malignant melanoma. N 
Engl J Med 350:757-66. 
 
Thompson JF, McCarthy WH, Bosch CM, et al. (1995): 
Sentinel lymph node status as an indicator of the pres-
ence of metastatic melanoma in regional lymph nodes. 
Melanoma Res 5:255-60. 
 
Thompson JF, Scolyer RA, Kefford RF (2005): Cutaneous 
melanoma. Lancet 365:687-701. 
 
Thompson JF, Shaw HM (2006): Is sentinel lymph node 
biopsy appropriate in patients with thin melanomas: too 
early to tell? Ann Surg Oncol 13:279-81. 
 
Thompson JF, Uren RF (2005): Lymphatic mapping in 
management of patients with primary cutaneous mela-
noma. Lancet Oncol 6:877-85. 
 
Toro J, Ranieri JM, Havlik RJ, Coleman JJ, 3rd, Wagner 
JD (2003): Sentinel lymph node biopsy in children and 
adolescents with malignant melanoma. J Pediatr Surg 
38:1063-5. 
 
Tsao H, Atkins MB, Sober AJ (2004): Management of 
cutaneous melanoma. N Engl J Med 351:998-1012. 
 
Tyler DS, Onaitis M, Kherani A, et al. (2000): Positron 
emission tomography scanning in malignant mela-
noma. Cancer 89:1019-25. 
Uren RF (2004): Lymphatic drainage of the skin. Ann 
Surg Oncol 11:179S-85S. 
 
Uren RF, Howman-Giles R, Thompson JF, et al. (1994): 
Lymphoscintigraphy to identify sentinel lymph nodes 
in patients with melanoma. Melanoma Res 4:395-9. 
 
Uren RF, Howman-Giles RB, Shaw HM, Thompson JF, 
McCarthy WH (1993): Lymphoscintigraphy in high-
risk melanoma of the trunk: predicting draining node 
groups, defining lymphatic channels and locating the 
sentinel node. J Nucl Med 34:1435-40. 
 
van Aalst JA, McCurry T, Wagner J (2003): Reconstruc-
tive considerations in the surgical management of 
melanoma. Surg Clin North Am 83:187-230. 
 
van Akkooi AC, de Wilt JH, Verhoef C, et al. (2006): 
Clinical relevance of melanoma micrometastases (<0.1 
mm) in sentinel nodes: are these nodes to be consid-
ered negative? Ann Oncol 17:1578-85. 
 
van der Veen H, Hoekstra OS, Paul MA, Cuesta MA, 
Meijer S (1994): Gamma probe-guided sentinel node 
biopsy to select patients with melanoma for lym-
phadenectomy. Br J Surg 81:1769-70. 
 
van Diest PJ (1999): Histopathological workup of sentinel 
lymph nodes: how much is enough? J Clin Pathol 
52:871-3. 
 
van Diest PJ, Peterse HL, Borgstein PJ, Hoekstra O, 
Meijer CJ (1999): Pathological investigation of senti-
nel lymph nodes. Eur J Nucl Med 26:S43-9. 
 
van Poll D, Thompson JF, Colman MH, et al. (2005): A 
sentinel node biopsy does not increase the incidence of 
in-transit metastasis in patients with primary cutaneous 
melanoma. Ann Surg Oncol 12:597-608. 
 
Veenhuizen KC, De Wit PE, Mooi WJ, Scheffer E, Ver-
beek AL, Ruiter DJ (1997): Quality assessment by ex-
pert opinion in melanoma pathology: experience of the 
pathology panel of the Dutch Melanoma Working 
Party. J Pathol 182:266-72. 
 
Veronesi U, Adamus J, Bandiera DC, et al. (1982): De-
layed regional lymph node dissection in stage I mela-







Veronesi U, Cascinelli N (1991): Narrow excision (1-cm 
margin). A safe procedure for thin cutaneous melanoma. 
Arch Surg 126:438-41. 
 
Veronesi U, Cascinelli N, Adamus J, et al. (1988): Thin 
stage I primary cutaneous malignant melanoma. Com-
parison of excision with margins of 1 or 3 cm. N Engl J 
Med 318:1159-62. 
 
Vihinen PP, Pyrhonen SO, Kahari VM (2003): New prog-
nostic factors and developing therapy of cutaneous 
melanoma. Ann Med 35:66-78. 
 
Vuylsteke RJ, van Leeuwen PA, Statius Müller MG, 
Gietema HA, Kragt DR, Meijer S (2003): Clinical out-
come of stage I/II melanoma patients after selective sen-
tinel lymph node dissection: long-term follow-up results. 
J Clin Oncol 21:1057-65. 
 
Wagner JD (2006): Fluorodeoxyglucose positron emission 
tomography for melanoma staging: refining the indica-
tions. Ann Surg Oncol 13:444-6. 
 
Wagner JD, Davidson D, Coleman JJ, 3rd, et al. (1999): 
Lymph node tumor volumes in patients undergoing sen-
tinel lymph node biopsy for cutaneous melanoma. Ann 
Surg Oncol 6:398-404. 
 
Wagner JD, Park HM, Coleman JJ, 3rd, Love C, Hayes JT 
(2000): Cervical sentinel lymph node biopsy for mela-
nomas of the head and neck and upper thorax. Arch Oto-
laryngol Head Neck Surg 126:313-21. 
 
Wagner JD, Ranieri J, Evdokimow DZ, et al. (2003): Pat-
terns of initial recurrence and prognosis after sentinel 
lymph node biopsy and selective lymphadenectomy for 
melanoma. Plast Reconstr Surg 112:486-97. 
 
Wagner JD, Schauwecker D, Davidson D, et al. (2005): 
Inefficacy of F-18 fluorodeoxy-D-glucose-positron 
emission tomography scans for initial evaluation in 
early-stage cutaneous melanoma. Cancer 104:570-9. 
 
Wagner JD, Schauwecker DS, Davidson D, Wenck S, Jung 
SH, Hutchins G (2001): FDG-PET sensitivity for mela-
noma lymph node metastases is dependent on tumor 
volume. J Surg Oncol 77:237-42. 
 
Wang TS, Johnson TM, Cascade PN, Redman BG, Sondak 
VK, Schwartz JL (2004): Evaluation of staging chest ra-
diographs and serum lactate dehydrogenase for localized 
melanoma. J Am Acad Dermatol 51:399-405. 
 
Warburg O, Wind F, Negelein E (1930): On the metabo-
lism of tumours in the body. In: Warburg O, ed. Metabo-
lism of Tumours. London: Constable: 254-65. 
Wasserberg N, Tulchinsky H, Schachter J, Feinmesser M, 
Gutman H (2004): Sentinel-lymph-node biopsy 
(SLNB) for melanoma is not complication-free. Eur J 
Surg Oncol 30:851-6. 
 
Wells KE, Rapaport DP, Cruse CW, et al. (1997): Senti-
nel lymph node biopsy in melanoma of the head and 
neck. Plast Reconstr Surg 100:591-4. 
 
Wespes E, Simon J, Schulman CC (1986): Cabanas ap-
proach: is sentinel node biopsy reliable for staging 
penile carcinoma? Urology 28:278-9. 
 
Wheatley K, Ives N, Hancock B, Gore M, Eggermont A, 
Suciu S (2003): Does adjuvant interferon-alpha for 
high-risk melanoma provide a worthwhile benefit? A 
meta-analysis of the randomised trials. Cancer Treat 
Rev 29:241-52. 
 
Whiteman DC, Whiteman CA, Green AC (2001): Child-
hood sun exposure as a risk factor for melanoma: a 
systematic review of epidemiologic studies. Cancer 
Causes Control 12:69-82. 
 
Wong JH, Cagle LA, Morton DL (1991): Lymphatic 
drainage of skin to a sentinel lymph node in a feline 
model. Ann Surg 214:637-41. 
 
Wong SL, Brady MS, Busam KJ, Coit DG (2006a): Re-
sults of sentinel lymph node biopsy in patients with 
thin melanoma. Ann Surg Oncol 13:302-9. 
 
Wong SL, Morton DL, Thompson JF, et al. (2006b): 
Melanoma patients with positive sentinel nodes who 
did not undergo completion lymphadenectomy: a 
multi-institutional study. Ann Surg Oncol 13:809-16. 
 
Wrightson WR, Wong SL, Edwards MJ, et al. (2003): 
Complications associated with sentinel lymph node bi-
opsy for melanoma. Ann Surg Oncol 10:676-80. 
 
Wölfel T, Hauer M, Schneider J, et al. (1995): A 
p16INK4a-insensitive CDK4 mutant targeted by cyto-
lytic T lymphocytes in a human melanoma. Science 
269:1281-4. 
 
Yancovitz M, Finelt N, Warycha MA, et al. (2007): Role 
of radiologic imaging at the time of initial diagnosis of 
stage T1b-T3b melanoma. Cancer 110:1107-14. 
 
Young SE, Martinez SR, Essner R (2006): The role of 
surgery in treatment of stage IV melanoma. J Surg On-
col 94:344-51. 
 
Zuo L, Weger J, Yang Q, et al. (1996): Germline muta-
tions in the p16INK4a binding domain of CDK4 in 
familial melanoma. Nat Genet 12:97-9. 
